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In  spite  of  the  considerable  amotmt  of  attention  which  the  matter  has 
/ecehred,  no  system  of  notation  for  physico-chemical  quantities  has  yet 
been  devised  of  a  character  sufficiently  satisfactory  to  secure  its  general 
adoption.  The  fact  that  the  matter  is  to  be  considered  by  the  new  Inter- 
national Association  of  Qiemical  Societies  leads  the  writer  to  present 
in  this  paper  the  outlines  of  a  system  of  notation  which  has  been  worked 
out  gradually  through  a  series  of  years,  in  connection  with  the  publi- 
cations and  lecture  work  of  this  laboratory.  The  development  of  the 
system  was  also  greatly  aided  by  the  consideration  given  to  the  matter 
some  years  ago  by  a  committee  of  representatives  of  various  American 
sdenti&c  societies.  It  is  presented  here  not  as  a  final  plan,  but  with  the 
hope  that  it  may  be  useful  as  a  basis  of  further  discussion. 

In  the  writer's  opmion  the  problem  has  usually  been  attacked  on  the 
wrong  side.  Instead  of  first  formulating  certain  fundamental  principles 
upon  which  a  system  might  be  consistently  constructed,  the  specific 
task  has  been  undertaken  at  once  of  assigning  symbols  to  the  large  number 
of  separate  quantities.  There  is,  moreover,  at  best,  great  difficulty  in  se- 
curing a  fair  compromise  between  the  development  of  a  rational,  consist- 
ent system,  and  the  retention  of  such  specific  S3rmbols  as  are  in  general 
use.  As  a  rule,  adequate  systematization  seems  to  the  writer  to  have 
been  too  greatly  subordinated  to  the  desire  to  retain  familiar  symbols. 
On  the  other  hand,  in  some  of  the  systematic  plans  proposed  by  individ- 
uals too  little  effort  has  been  devoted  to  reconciling  the  notation  with 
that  in  general  use. 


2  ARTHUR  A.  NOVES. 

The  following  principles  are  suggested  as  the  basis  of  the  system  of 
notation: 

1.  Quantities  should  be  expressed  by  such  symbols  as  can  be  con- 
veniently used  and  readily  distinguishwi,  both  in  printing  and  writing. 
The  symbols  should  also  be  such  as  can  be  described  by  short  simple 
names. 

2.  Four  distinct  alphabets  (styles  of  letters)  are  necessary  and  sufficient 
for  a  satisfactory  system  of  notation  of  physico-chemical  quantities.* 
If  only  three  alphabets  are  emplojred,  the  same  symbol  has  too  often 
to  be  used  to  represent  distinct  quantities;  or  else,  in  order  to  avoid  this, 
letters  which  are  not  in  common  use  have  to  be  used  for  many  quantities. 

3.  The  alphabets  that  can  be  best  employed  seem  to  be: 

1.  Italic  small  letters  (a,  6,  c). 

2.  Italic  capitals  {A,  B,  C). 

3.  Black-face  Roman  capitals  (A,  B^  C). 

4.  Greek  letters  (both  small  letters  and  capitals) . 

The  main  objection  to  the  black-face  Roman  capitals  seems  to  be  that 
they  are  too  prominent  in  comparison  with  the  other  letters.  This 
objection  is  to  be  weighed  against  the  advantage  of  the  great  simplicity 
of  the  Roman  letters.  It  is  especially  desirable  to  use  a  style  which 
printers  are  accustomed  to  use  in  ordinary  composition.  Other  styles 
that  might  be  used  are  ordinary  Roman  capitals  (A,  B,  C),  black-face 
small  letters  (a,  b,  c),  Roman  small  capitals  (a,  b,  c),  or  italic  small  capi- 
tals {a,  b,  c)  .  What  is  essential,  in  the  writer's  opinion,  is  that  some  fourth 
alphabet  be  consistently  employed  for  a  certain  group  of  quantities. 
The  following  expression  of  the  Helmholtz  equation  illustrates  the  use 
of  three  of  the  styles  in  a  single  formula: 

4.  The  letters  of  any  one  alphabet  should,  in  general,  be  used  only 
for  quantities  related  to  certain  specified  divisions  of  science. 

5.  Fundamental  geometrical  and  mechanical  quantities  should  be 
represented  by  italic  small  letters;  energetic,  thermal  and  chemical  quan- 
tities, by  italic  capitals;  electrical  quantities  by  black-face  Roman  capi- 
tals; optical  quantities  by  Greek  small  letters;  special  mathematical  or 
mechanical  quantities  by  Greek  capitals  or  small  letters.  Abbreviations 
of  the  names  of  mathematical  functions  (such  as  log,  sin)  should  be  rep- 
resented by  Roman  small  letters.  In  manuscript  the  style  of  letter  is  to 
be  indicated  by  the  usual  conventional  signs — italics  by  underlining  with 
a  straight  line,  black-face  by  underlining  with  a  curved  line.  In  black- 
board work  and  other  similar  writing,  the  italic  small  letters  and  capitals 

^  In  physics,  where  magnetic  quantities  are  also  to  be  dealt  with,  a  fifth  alphabet 
would  be  desirable  for  these. 
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are  to    be  represented   by  script  letters,   the   black-faoe   capitals  by 
printed  Roman  letters. 

6.  The  attempt  should  not  be  made  to  indicate  the  tmits  in  which 
qtiantities  are  expressed  by  the  use  of  different  s3rmbols. 

7.  Different  values  of  the  same  kind  of  quantity  shotild  be  indicated 
by  numerical  or  literal  subscripts  or  by  accents. 

&.  The  specific  value  of  any  quantity  (that  is,  the  value  of  it  when 
the  other  determining  factors  have  the  value  unity)  may  be  represented 
hj  overlining  the  symbol  representing  the  quantity  in  general.  Thus, 
i  V  is  volume,  v  is  specific  volume;  if  R  is  resistance,  S  is  specific  re- 
sbtance.  The  overline  may  be  omitted  when  no  misunderstanding  is 
iikdy  to  result. 

9.  The  same  symbol  is  not  to  be  used  for  different  quantities  which 
are  likely  to  occur  in  the  same  expression,  but  may  be  so  used,  if  neces- 
sary, where  the  quantities  rarely  occur  together  (especially  if  none  of  them 
are  very  common  or  fundamental  ones). 

10.  A  letter  that  is  almost  universally  employed  in  all  languages  to 
denote  a  certain  quantity  should  be  adopted  for  that  quantity,  but  (ex- 
cept in  case  of  Greek  letters)  it  should  be  in  thcf  alphabet  corresponding 
to  the  nature  of  the  quantity,  as  defined  in  paragraph  5. 

11.  In  the  choice  of  other  symbols  the  primary  consideration  should 
be  the  development  of  a  consistent,  non-conflicting  system  of  notation. 
A  secondary  consideration  should  be  to  secure  conformity  with  the  in- 
ternational usage.  In  case  following  the  most  common  usage  would 
introduce  serious  complications  into  the  system,  or  in  the  case  of  con- 
flicting usage,  a  symbol  not  in  common  use  may  be  employed;  but  in  such 
cases  a  symbol  suggesting  the  Latin  form  of  the  name  of  the  quantity, 
or  if  this  is  not  practicable,  its  Teutonic  form  is  to  be  preferred. 

12.  In  a  system  of  notation  proposed  for  general  acceptance  only  those 
quantities  should  be  included  which  are  fairly  fundamental  in  character 
or  are  of  frequent  occurrence. 

The  following  table  shows  a  system  of  notation  developed  in  accordance 
with  these  principles : 

SYSTEM  OP  NOTATION  OF  PHYSICO-CHEMICAL  QUANTITIES. 

GBOICBTRICAL  AND  MECHANICAL  QUANTITISS. 

a    area;    acceleration;    van  der    Waals'     d  differential;  density. 

constant;  activity.*  e  base  of  natural  logarithms. 

b    van  der  Waals'  constant  /  force. 

c    concentration.'  g  acceleration  by  gravity. 

*  Defined  by  the  equation  dF  ^  RTd  log  a. 

*  In  fonnula  weights  or  moles  per  unit- volume  unless  otherwise  stated.    Por 
coooentration  in  equivalents  per  unit- volume,  the  symbol  C  or  C  is  proposed. 
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k    height. 

•    moles  from  one  formula  weight  or  the 

van't  Hofif  coefficient;*  square-root 

of  minus  one  ( V —  i). 


k 
I 


constant. 

length;  distance. 
m  mass  or  weight  (as  quantity  of  matter), 
n   number  (of  terms,  revolutions,  etc.); 
number  of  molecules. 


P 

q 

r 
s 
i 
u 

V 


pressure. 


radius. 

solubility.' 

time;  temperature  centigrade.' 

velocity. 

volume. 
w  weight  (as  force). 
xyz   co5rdinates,  variables,  unknowns. 
X    mol-fraction. 


SNBRGSTIC,  THERMAL  AND  CHBMICAL  QUAMTITIBS. 


A  atomic  weight;  work-producing  power .^ 
B  constant.* 
C  heat  capacity. 
D  — . 

E  energy  in  general. 
F  free  energy.* 
G  -. 

H  internal-energy  function.' 
/    — . 

/   mechanical  equivalent  of  heat. 
K  equilibrium-constant. 
L  latent  heat  (of  vaporization,  solution, 
fusion). 


M  molecular  weight. 
N  number  of  formula- weights  or  mols.' 
O  — . 
P  power. 
Q  heat  absorbed. 
R  gas-constant. 
5  entropy. 

T  absolute  temperature. 
U  internal  energy. 
V— . 
W  work. 
XYZ    coordinate  axes. 


BI^BCTRICAI*  QUANTITIES. 

A  — .  M  — . 

B  — . 

C   electrical  capacity;    concentration   in 

equivalents  per  unit  volume. 
D  density  (of  charge  or  current). 


£  electromotive  force. 
F  faraday. 

0  — . 
H  — . 

1  current  strength. 

J    -. 

K  dielectric  constant. 

L  conductance. 


N  number  of  faradays;  number  of  equiva- 
lents. 
O  — . 
P  — . 

Q  quantity  of  electricity. 
R  resistance. 
S    — . 

T  transference  number. 
U  mobility  of  ions. 
V  potential. 
W— . 
XYZ  — . 


•  Defined  by  the  equation  11  —  icRT. 

'  In  formula  weights  or  moles  per  unit-volume  unless  otherwise  stated. 

'  In  cases  where  confusion  between  time  and  centigrade  temperature  might  result 
the  latter  mey  be  represented  by  6  of  by  T. 

^  Measured  by  the  work  produced  when  the  change  in  question  takes  place  reversi- 
bly. 

•  Defined  by  the  equation  F  ^  A  +  I{pv). 

•  Defined  by  the  equation  H  *»  U  -h  I{pv). 

'  For  "number  of  equivalents"  the  symbol  N  or  i^^  is  proposed. 
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/ 


OPWCAL 

AND 

SPSCIAC  QUANYirmS. 

a 

an^  of   optical   rotation;   empirical 
coefficient. 

* 

u    refractive  index. 

7 

empirical  coefficient, 
degree  of  ionization. 

S  — . 

ff    ratio  of  drcumf erenoe  to  diameter. 

r 

A 

• 

variation  sign,  residual, 
partial  differential, 
increment. 

U  osmotic  pressure. 
p    refractive  power. 
a    surface  tension. 
2  summation  sign. 

< 
C 

e 

• 

viscosity;  efficiency, 
angle. 

_                                                                                                  • 

■ 

T      . 

u    velocity  of  U^t. 

r  — . 

f   angle;  fluidity. 

#  — . 

ft 
« 

X 
A 

M 

intensity  of  light, 
heat-capadty  ratio  (Cp/C^). 
wave  length;  mean  free  path, 
equivalent  conductance. 

w   angular  velocity. 

1 

Attention  may  be  called  to  two  or  three  important  inconsistencies 
or  defects  in  the  above  system.  Time  and  centigrade  temperatm^e  are 
both  represented  by  the  same  symbol  /.  This  is  proposed  for  the  reason 
that  it  is  desirable  to  represent  these  two  fmidamental,  very  commonly 
occurring  quantities  by  simple  suggestive  sjrmbols  such  as  are  in  common 
use,  and  for  the  reason  that  the  confusion  arising  from  the  use  of  the 
same  S3rmbol  for  these  two  quantities  is  not  very  serious,  since  they  seldom 
occur  together.  Density  and  the  diflFerentiation  sign  are  also  represented 
by  the  same  symbol  d,  which  again  is  not  very  serious,  since  they  seldom 
occur  together.  Number  of  equivalents  N  and  equivalent  concentration 
C  are  represented  by  a  style  of  type  which  is  otherwise  used  only  for 
electrical  quantities;  for  this  there  is,  however,  a  certain  logical  justifica- 
tion, since  in  electrochemical  considerations  equivalents  are  often  in- 
volved. These  inconsistencies  can  be  removed  by  representing  these 
quantities  by  letters  of  a  special  style,  preferably  by  italic  or  Roman 
small  capitals,  thus  representing  centigrade  temperature  by  r,  density  by 
D,  number  of  equivalents  by  n,  and  concentration  in  equivalents  per  unit- 
volume  by  c.  The  writer  is  inclined  to  favor  making  these  symbols 
optional. 

Some  additional  specifications  which  it  seems  desirable  to  make  are  as 
follows: 

I.  Partial  values  of  a  quantity  of  any  kind  are  to  be  indicated  by  ap- 
propriate subscripts,  not  by  distinct  symbols.  For  example,  partial 
pressures  by  />j,  /j,,  />h^,  />co,-  •  5  partial  volumes  by  v^,  i;,. . ;  separate 
potentials  by  E^,  E^ . . ;  ion  mobilities  and  conductances  by  Uj^+,  Uq-, 


6  ARTHUR  A.   NOYBS. 

2.  The  molal  values  of  various  quantities  would  be  represented  under 
the  proposed  system  by  such  symbols  as  Mv,  MC,  ML.  It  may  be  de- 
sirable to  introduce  some  sign  to  indicate  the  molal  value.  Overlining 
with  a  curved  line  or  with  two  straight  lines  is  suggested;  for  example, 

V,  C,  L  or  V,  C,  L. 

3.  Critical  and  reduced  quantities  are  to  be  indicated  by  the  subscripts 
c  and  R,  not  by  special  symbols;  for  example,  T^,  T^,  v^,  v^,  p^,  p^, 

4.  Ions  and  the  sign  and  magnitude  of  their  charges  are  to  be  indicated 
by  very  small  plus  and  minus  signs  attached  to  the  chemical  symbols  as 
superiors,  not  written  in  the  line  above  it.     For  example,  K"*",  Ba"^+,  CI", 

SO,-. 

5.  In  mass-action  expressions  concentrations  may  be  expressed  by  en- 
closing the  chemical  symbols  within  parentheses;  for  example,  (Hj)  (I,)  = 

6.  In  expressions  of  the  properties  of  dilute  solutions,  quantities  per* 
taining  to  the  solvent  (or  zero  concentration  of  the  solute)  are  to  be  in- 
dicated by  the  subscript  zero;  quantities  pertaining  to  the  solute  or  solu- 
tion by  letters  without  subscripts  (or  by  numerical  subscripts  1,2..). 

The  following  equations  illustrate  the  expression  of  a  few  of  the  more 
important  physico-chemical  relations  by  the  above  system  of  notation: 

pv  -  NRT  «  ^UnMu\ 

n/N  -■  the  *'Avogadro  constant*' 

Cp        5  AEk 
C,   ""  3    AE  • 

Po-P     -      N  ^       ^       No 

L  =  i/R  =  I/E;  L  =  fa//. 

-  RT 

Em  "*  Em        j^  ^^S  ^m**" 

Af  V*  —  I  sin  9i       V, 

'^      a   v'  +  2  sm  92       v, 

Rbsbarch  Laboxatoky  of  Physical  Chemistry, 
Mass.  Instttutb  op  Tbchnolooy, 
.  Boston.  December.  1911. 
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ntACTIOHAL  CRTSTALLIZATIOir  OF  THE  PICRATES  OF  THE 

RARE  EARTHS. 

Bt  L.  M.  Dbnmu  and  C.  W.  Bbwwbh. 
Received  November  3.  1911. 

Earlier  work  in  this  laboratory  having  shown  that  the  picrate^  of  the 
rare  earths  may  easily  be  prepared,  and  that  they  crystallize  readily  from 
aqueous  solutions,  the  investigation  described  below  was  undertaken 
to  ascertain  whether  these  salts  could  be  utilized  to  advantage  in  the 
sqiaration  of  the  rare  earths.  If  the  results  had  shown  that  the  method 
{zres  the  usual  gradual  separation  of  the  earths  that  is  characteristic 
of  most  methods  of  fractional  crystallization,  the  process  would  scarcely 
iiave  merited  description,  for  advances  in  this  field  are  chiefly  to  be  looked 
for  in  methods  that  will  accelerate  the  separation  of  the  earths.  The 
picrates  of  the  rare  earths  appear  to  facilitate  the  rapid  concentration 
rf  certain  groups  of  earths,  and  for  this  reason  the  details  of  the  method 
ffld  the  results  that  it  yielded  are  here  briefly  described. 

Maiertal. — In  this  first  trial  of  the  method  it  was  thought  advisable 
to  use  mixtures  of  earths  containing  members  of  the  3rttrium,  erbium 
aod  did3nauuxn  groups.  Consequently  a  residue  that  was  in  hand  and 
that  contained  chiefly  earths  of  the  didymium  group  was  mixed  with 
the  earths  obtained  from  xenotime.  Both  portions  of  the  material  con- 
tained cerium  and  thorium,  which  were  removed  by  chlorination  and 
treatment  with  a  io%  solution  of  hydrogen  dioxide.  The  earths  were 
then  precipitated  from  slightly  add  solution  with  oxalic  acid.  The 
oxalates  were  washed  with  boiling  water  on  a  Btichner  filter,  were  dried, 
and  were  then  ignited  in  quartz  trays  about  32  cm.  long,  15  cm.  wide 
and  3  cm.  deep,  which  were  heated  in  a  muffie  furnace.  The  total  weight 
of  the  oxides  thus  obtained  was  about  1500  grams. 

Smce  the  oxides  of  the  rare  earths  do  not  dissolve  readily  in  picric 
add,  they  were  converted  into  the  hydroxides  by  solution  in  hydrochloric 
add  and  precipitation  with  ammonium  hydroxide.  Before  precipita- 
tion as  the  hydroxides  a  portion  of  the  solution  was  treated  with  hydrogen 
sulfide,  but  no  precipitate  resulted.  The  rare  earth  hydroxides  were 
repeatedly  washed  by  decantation  with  water.  After  the  last  washing 
the  supernatant  liquid  was  siphoned  off,  and  a  hot  solution  of  picric 
acid  was  poured  upon  the  moist  hydroxides.  The  material  was  actively 
stirred  by  a  blast  of  air,  and  in  this  manner  solution  of  the  hydroxides 
was  rapidly  effected.  The  addition  of  the  solution  of  picric  add  was 
continued  until  most  of  the  hydroxides  had  been  dissolved  and  until 
the  solution,  after  thorough  stirring,  failed  to  turn  Congo-red  paper 
blue.  The  solution  was  then  separated  from  the  residual  hydroxides 
by  filtration,  and  the  residue  was  ags^in  treated  with  picric  acid,  the  fil- 
trate from  this  treatment  being  added  to  the  main  portion.    There  was 
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iualiy  obtained  a  residue  of  reddish  brown  color  that  was  insoluble  in 
picric  add,  and  that  was  found  to  consist  chiefly  of  eerie  hydroxide. 
This  point  is  of  interest  in  that  it  shows  that  rare  earth  material  whidi 
has  been  freed  from  cerium  so  completely  as  to  show  no  trace  of  that 
element  when  tested  with  hydrogen  dioxide  will  disclose  further  amounts 
of  cerium  upon  treatment  of  the  hydroxides  with  picric  add. 

Fractional  Crystallisatum  of  the  Picrates. — ^The  neutral  solution  of  the 
picrates  of  the  rare  earths,  obtained  as  above  described,  was  then  sub- 
jected to  fractional  crystallization  in  enameled  iron  pans  holding  from 
20  to  25  liters  each.  Six  of  these  pans  were  used  in  the  beginning,  but 
as  soon  as  the  fractions  were  sufBdently  reduced  in  size,  the  crystalliza- 
tion was  continued  in  large  porcelain  evaporators.  Two  hundred  and 
sixty-three  fractional  crystallizations  were  made,  which  yielded,  follow- 
ing  the  usual  method  of  uniting  the  crystals  on  the  one  hand  and  the 
mother  liquors  on  the  other,  a  series  of  35  final  fractions. 

The  absorption  spectra  of  the  final  fractions  were  plotted,  and  the 
atomic  weights  of  these  fractions  were  determined  by  predpitating  the 
earths  as  oxalates  and  ascertaining  the  R,0,  :  3  C,0,  ratio. 

In  the  examination  of  the  absorption  spectra  of  the  fractions,  the  pic- 
rates were  predpitated  with  oxalic  add,  the  oxalates  were  thoroughly 
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mshed  with  boiling  vater,  dried,  and  ignited  to  tlie  oxide.  These  oxides 
were  then  dissolved  in  hydrochloric  add  to  solutions  of  unifonn  strength 
axitaining  20%  R,0,.  A  Krflss  ^>ectroscope  was  used,  and  this  was 
caUtu^ted  gainst  the  Praunhofer  lines  of  the  sun  spectrum  and  the  ^pec- 
tmm  ot  the  mercury  lamp.  The  thidmess  of  the  chloride  scdutipn  was 
1,1  mm.  The  absorption  bands  were  plotted  in  the  usual  manner  on  the 
bas  of  their  width  and  intensity.  It  was  further  attempted,  however, 
to  obtain  an  approximate  idea  of  the  concentration  of  each  solution  in 
R^xct  to  those  earths  that  give  absorption  bands  by  measuring  the 
i^aUve  intensities  of  the  bands  in  successive  fractions.  To  permit  of  the 
accnmplisfunent  of  this  object  the  arrangement  of  apparatus  shown  in 
Rg.  I  was  devised.  Three  cells,  containing  three  separate  fractions 
to  be  compared,  were  placed  in  front  of  the  slit  on  a  grooved  wooden 
block  that  could  easily  be  moved  to  the  left  and  rij^t  across  the  field. 
To  the  ends  of  this  block  was  attached  a  cord  that  could  be  drawn  to  the 
li^t  or  left  by  rotating  with  the  fit^:ers  of  the  rig^t  hand  the  small  cyU 
iader  ^own  in  the  figure.  The  source  of  light  was  an  oxy-hydrogen 
bme  impinging  on  a  disk  of  zirconium  oxide. 

The  results  of  the  fractionation  are  shown  in  Figs.  2  and  3.    Fig.  2 
gives  the  dianges  in  the  atomic  weights  in  the  final  25  fracticms,  while 
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Pig.  3  shows  the  changes,  as  the  fractionation  proceeded,  in  the  intensi- 
ties of  certain  specified  bands  of  those  earths  that  yield  absorption  spectra. 

Examination  of  these  curves  shows  that  with  an  original  material  of 
an  atomic  weight  of  ii6  containing  earths  of  the  yttrium,  erbium  and 
didynmun  groups  fractional  crystallization  of  the  picrates  from  aqueous 
solution  yields  the  following  results: 

(i)  A  concentration  of  praseodymium  and  neod3miium  in  the  first 
fractions  followed  by  rapid  decrease  of  these  two  elements  after  the 
sixth  fraction* 

• .  (3)  A  peculiar  increase  in  the  amounts  of  praseodymium  and  neodymium 
in  the  tenth  and  nineteenth  fractions. 

(3)  A  sudden  concentration  of  erbium  and  holmium  in  the  eighth 
fraction,  and  an  entire  absence  of  these  two  elements  in  the  first  six 
fractions  of  the  series.  To  ascertain  whether  there  was  any  detectable 
amount  of  erbium  in  the  sixth  fraction,  the  20%  solution  of  the  chlorides 
used  for  the  examination  of  the  absorption  spectrum  was  evaporated 
to  a  thick  S3rrup  and  its  spectrum  reexamined.  Even  under  this  condi- 
tions no  erbium  bands  were  visible. 

The  fractional  crystallization  of  the  picrates  of  the  rare  earths  appears 
to  furnish  excellent  means  of  effecting  a  rapid  concentration  of  praseodym- 
ium and  tieodymium  practically  free  from  erbium  and  holmium,  and 
concentration  of  erbium  and  holmium  with  but  relatively  small  amount 
of  the  members  of  the  didymium  group.  The  peculiar  rise  in  the  con- 
centration of  praseodymium  and  neodymium  in  the  tenth  and  nineteenth 
fractions  is  imder  further  investigation. 

OOJLNBLL  UNIVBRBITY.  ItHACA,  N.  Y. 


THE  SOLUBILITY  OF  IODINE  Hf  AQXnSOUS  SOLUTIOirS  OF  BRO- 
MIDES OF  POTASSIUM  kSD  SODIUM. 

Bt  Jamba  M.  Bbll  aicd  Mblvillb  L.  Bucklby. 
Received  October  26.  1911. 

The  great  increase  in  the  solubility  of  iodine  in  water  due  to  the  pres- 
ence of  iodides  and  of  bromine  due  to  the  presence  of  bromides  has  been 
attributed  to  the  formation  in  solution  of  polyiodides  and  polybromides.^ 
Some  of  these  polyhalides  have  been  isolated.  The  compound  KI,  has 
been  described  by  Johnson,*  but  its  existence  at  25  **  has  been  questioned 
by  Abegg  and  Hamburger;'  this  same  compound  has  been  described 
also  by  Wells,  Wheeler  and  Penfield,*  who  have  also  recorded  the  follow- 

^This  same  phenomenon  has  been  called  by  Parsons,  "Solution  in  a  dissolved 
solid"  (/.  Physic,  Chem.,  ix,  659  (1907)). 

*/.  Chem.  Soc.,  31,  247  (1877). 

■  Z.  anorg.  Chem.,  50,  403  (1906). 

*  Wells  and  Penfield,  Am,  J.  Set.,  [3]  43,  17  (1892);  Wells,  Wheeler  and  Pen- 
field,  Ibid.,  [3]  43,  475  (1892);  44,  42  (1892). 
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mg  compounds  of  the  same  typ^  together  with  analyses,  crystallographic 
data  and  methods  of  formation :  Csl,,  CsBr,,  Rbl„  RbBr, ;  and  also  the 
higher  polyhalides:  Cslg  and  CsBr^.  Still  higher  bromides  and  iodides 
have  been  isolated.  Abegg  and  Hamburger^  obtained  KI,  from  benxcne 
sdntions  containing  potassium  iodide  and  iodme. 

Besides  the  above  direct  evidence  of  the  existence  of  polyhalides,  cer- 
tam  physical  properties  of  solutions  containing  a  salt  of  a  halogen  and  the 
iree  halogen  indicate  that  some  union  of  these  has  taken  place.  LeBlanc 
and  Noyes'  found  that  the  freezing  point  of  a  normal  solution  of  potas- 
sum  iodide  was  slightly  raised  by  the  addition  of  iodine  to  the  solution, 
and  the  conductance  of  this  salt  solution  was  diminished  by  the  presence 
of  pure  iodine.  In  a  recent  paper  by  Joseph  and  Jmendradasa'  it  is 
shown  that  bromides  lighten  the  color  of  aqueous  bromine  solutions, 
the  diminution  of  color  depending  on  the  amount  of  bromide  added. 
Making  the  assumption  that  the  principal  action  causing  the  color  change 
is  tiie  formation  of  a  tribromide, 

KBr  +  Br,  ^  KBr„ 

and  applying  the  law  of  mass-action  to  this  reversible  reaction,  these 
authors  obtained  a  satisfactory  constant.  In  all  probability,  therefore, 
the  correct  assumption  was  made  as  to  the  nature  of  the  reaction.  Jakov- 
kin^  had  previously  made  the  same  assumption  in  the  case  of  the  iodides, 
namely,  that  the  reaction  may  be  expressed  thus: 

KI  +  I,  51^  KI,. 

Here  the  quantity  of  uncombined  iodine  was  determined  by  distribution 
experiments,  the  liquids  being  carbon  disulfide  and  water  in  which  the 
iodide  was  dissolved.  The  results  of  Dawson  and  Goodson*  indicate 
that  iodine  and  sodium  iodide  unite  when  dissolved  in  nitrobenzene; 
for,  the  solution  saturated  with  req)ect  to  both  contains  over  ten  times 
as  much  iodine  as  the  solution  saturated  with  iodine  alone,  and  over 
ten  times  as  much  sodium  iodide  as  the  solution  saturated  with  sodium 
iodide  alone. 

Thus,  there  are  both  direct  and  indirect  evidences  that  some  sort 
of  union  takes  place  between  a  halogen  and  its  salt  in  aqueous  solution. 

There  have  also  been  recorded  by  Wells,  Wheeler  and  Penfield*  the 
followiiig  compotmds  between  a  halogen  and  the  salt  of  another  halogen : 
CsBrl^    CsBr,I,   CsQBrl,   CsCl,I,   CsClBr,,   CsCl,Br,   RbBrj;,   RbOBrl, 

^  Loc.  cii, 

*  Z.  pkysik,  Ck^m.,  6,  401  (1S90). 
»  /.  Ckem.  Soc.,  99,  274  (191 1). 

*  Z.  pkysik,  Ckem.,  13,  539  (1894). 
•/.  Ckem.  Soe.,  85,  794  (1904). 

'  Welb  and  Penfield,  Amer,  J.  Set,,  [3]  43,  17  (1892);  Wells,  Wheeler  and  Pen- 
field,  Ibid.,  43f  475  (1892);  44»  4^  (1892). 
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RbCy,  RbQBr,,  RbQaBr,  KBr,I,  KCy,  CsQ,!,  RbCl^I,  KCl^I, 
Naaj.2H,0,  Lia4l.4H,0.  With  this  direct  evidence  that  mixed  salts 
are  also  formed,  it  might  be  expected  that  there  would  also  be  the  indirect 
evidence  of  a  great  increase  in  solubility  of  a  halogen  due  to  the  pres* 
ence  in  solution  of  a  salt  of  another  halogen;  for  example,  that  the  solu- 
bility of  iodine  would  be  very  greatly  increased  by  the  presence  of  an 
alkali  bromide,  just  as  the  presence  of  one  mole  of  potassium  bromide 
in  dilute  solution  causes  one  mole  of  bromine  to  pass  into  solution,  and 
more  than  one  mole  of  bromine  when  the  solution  is  more  concentrated.^ 
Furthermore,  the  work  of  Dawson  and  Ooodson,'  using  nitrobenzene  as 
solvent  and  potassium  bromide  and  iodine  as  solutes,  seems  to  indicate 
some  union  of  the  solutes.  Both  of  these  solutes  alone  have  relatively 
slight  solubilities  in  nitrobenzene,  but  each  influences  the  solubility  of 
the  other  in  a  very  remarkable  way.  The  solution  saturated  with  both 
potassium  bromide  and  iodine  contains  2.52  moles  I,  and  0.71  moles 
potassium  bromide  per  liter.  Regarding  the  possibility  of  the  formation 
of  compotmds,  the  authors  say:  "The  two  series  of  solutions  approxi- 
mate in  composition  as  the  concentration  increases,  and  the  identity  of 
the  two  final  solutions  indicates  that  saturation  with  regard  to  both 
components  has  now  been  reached.  The  composition  of  the  solution 
saturated  with  iodine  makes  it  appear  probable  that  the  complex  per- 
halogen  compounds  present  in  solution  are  of  the  same  type  as  those  in 
solutions  of  the  alkali  iodides,  although  the  evidence  in  support  of  this 
view  is  not  nearly  so  decisive." 

The  present  work  was  undertaken  to  determin  whether  double  com- 
potmds of  iodine  with  sodium  or  potassium  bromide  were  indicated  by 
a  possible  lai^ge  increase  in  solubility  of  the  halogen  due  to  the  presence 
of  the  bromide  in  aqueous  solution.  The  method  of  procedure  was 
similar  to  that  of  Worley,*  who  determined  the  quantity  of  bromine 
dissolved  in  various  potassium  bromide  solutions. 

To  aqueous  solutions  of  sodium  and  potassium  bromides,  iodine  was 
added  in  excess,  and  the  bottles  were  rotated  in  a  thermostat  at  25^, 
electrically  heated  and  controlled.  Equilibrium  was  shown  to  be  es- 
tablished when  titrations  for  free  iodine  gave  the  same  results  as  on  one 
or  two  dajrs  previously.  The  following  table  and  figure  give  these  re- 
sults. 

Each  curve  is  concave  downwards,  indicating  that  each  successive 
addition  of  the  salt  causes  the  solubility  of  iodine  to  increase  by  smaller 
and  smaller  amounts.  These  curves  are  unlike  the  curve  of  Worley* 
for  the  solubility  of  bromine  in  potassium  bromide  solutions,  where 

*  Worky,  /.  Chem.  Soc.,  87,  1107  (1905). 
'  /.  Chem,  Soc.,  85i  796  (1904). 
•LocciL 
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each  successive  addition  of  the  salt  causes  the  solubility  of  bromine  to 
increase  by  greater  and  greater  amounts.  Not  only  are  these  cases  differ- 
ent from  that  of  Worley  in  kind  but  also  in  degree.  For  each  mole  of  bro- 
niide  in  solution  there  was  at  least  one  mole  of  bromine  in  excess  of  that 
dissolved  by  the  water  alone.  In  the  present  cases  the  increase  in  solu- 
bility of  iodine  is  of  the  order  io~*  mole  iodine  for  each  mole  of  salt.  More- 
over, in  concentrated  solutions  of  potassium  bromide  the  ratio  is  somewhat 
less  than  10"'  and  in  concentrated  solutions  of  sodiiun  bromide  the  ratio 
is  considerably  less  than  10"'.    Consequently  it  follows  from  these  solu- 
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bility  measurements,  that  if  compounds  of  iodine  and  a  bromide  exist 
at  all  in  aqueous  solution,  they  are  present  in  very  minute  quantities. 


Uniybbsitt  of  North  Cakouna. 
Cbapbl  Hill,  N.  C. 


THE  SOLUBILITY  OF  BROMINE  m  AQUEOUS  SOLUTIOITS  OF 

SODIUM  BROMIDE. 

By  Jambs  M.  Bbll  and  Mblvillb  L.  Bucklby. 
Received  October  26.  1911. 

Reference  was  made  in  the  preceding  paper  to  the  results  of  Worley 
on  the  solubility  of  bromine  in  solutions  of  potassium  bromide  and  of 
Joseph  and  Jinendradasa  on  the  color  changes  in  bromine  solutions  due 
to  the  addition  of  bromides.  The  following  table  and  figure  give  the  re- 
sults of  solubility  determinations  of  bromine  in  solutions  of  sodium  bromide 
at  25®.  The  free  bromine  was  estimated  by  adding  a  known  volume  of 
the  solution  to  an  excess  of  an  iodide  solution.    The  iodine  liberated  was 
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determined  by  titration  against  a  known  thiosulfate  solution.  The 
bromide  in  solution  was  determined  by  evaporating  lo  cc.  of  the  solution 
and  weighing  the  residue. 

The  concentrations  vary  over  almost  the  whole  range  up  to  saturation, 
and  although  the  results  of  Worley  for  potassium  bromide  have  not  such 
iwide  range,  yet  the  two  curves  are  similar.  In  dilute  solutions  the 
ratio  of  bromine  to  bromide  is  about  i  mole  Br^  to  i  mole  NaBr  but 
for  more  concentrated  solutions  the  ratio  becomes  greater.  For  solu- 
tioDs  of  soditmi  bromide  near  saturation  the  ratio  is  about  2.5  moles 
bromine  to  i  mole  salt.  For  iodine^  the  ratio  becomes  smaller,  as  the 
concentration  increases;  in  other  words,  the  solubility  curves  for  bromine 
aad  iodine  in  bromide  solutions  have  opposite  curvatures. 

UtawwMmTY  ov  Noktk  Cabouna, 
Chapbl  Hiu.,  N.  C 


ACTION  OF  AMMONIA  UPON  AMMONIUM  THIOCYANATE.' 

Bt  W.  p.  Bradlbt  and  W.  B.  Alsxaitdbk. 
Received  November  3,  1911. 

Deliquescence. — ^The  number  of  substances  which  deliquesce  in  dry 
ammonia  gas  is  very  limited.  Those  which  deliquesce  in  ammonia  at 
ordinary  temperature  and  at  a  pressure  of  approximately  one  atmosphere 
are  the  following: 

Salts:  NH4SCN,  ammonium  thiocyanate,'  NH4NO,,  ammonium  nitrate/ 
Hg(CN)2,  mercuric  cyanide,*  Ag,Pt(SCN)e,  silver  platini-thiocyanate.* 

Non-metallic  compounds:  ICN,  cyanogen  iodide,*  BrCN,  cyanogen 
bromide,'  S02(NH|)„  sulfamide,*  BI„  boron  iodide,**  Asl„  arsenious 
iodide." 

Elements:  Lithium,"  potassium,**  caesium,"  strontium,"  iodine." 

^  See  preceding  paper. 

'  Read  before  the  Conn.  Valley  Section,  Am.  Chem.  Society,  Oct.  7,  191 1. 

*  We  faave  been  unable  to  find  any  mention  of  this  case  of  ammonia  deliqueaoence 
a  the  chemical  literature.  The  fact  is  known,  however,  in  some  quarters  at  least, 
ttDimg  those  interested  in  ammonia  refrigeration. 

^  Divers,  Chemical  News,  27,  37  (1873);  ^*  physik,  Chem,,  26, 430  (1898).  Raoult, 
Com^  rend,,  76,  1261-2  (1873).    Franklin  and  Kraus,  This  Journai^,  27,  213  (1905). 

*  Franklin  and  &aus,  Am.  Chem.  /.,  23,  300  (1900). 

*  Peters,  Ber.,  41,  3185  (1908). 

'  Bineau,  Ann.  chim.  phys.,  67,  234  (1838). 

*  Bineati,  Ibid.,  70,  257-61  (1839). 

*  Franklin  and  Stafford,  Am.  Chem.  J.,  28,  95  (1902). 
^  Besson,  Campt.  rend.,  1x4,  542-4  (1892). 

"  Besson,  Ibid.,  no,  1258-61  (1890). 

**MoiS8an,  Ibid.,  227,  687  (1898);   BtUl.  soc.  ehim.,  [3]  21,  906  (1899).    Ruff  and 
Geisel,  Ber.,  39,  828-843  (1906).    Kraus,  This  Journai.,  30,  657  (1908). 
^  Rjiff  and  Geisel,  loc.  cii.    Moissan,  loc.  cit. 
>«  RsxS  and  Geisel,  U>c.  cit. 
"Hugot,  Compt.  rend,,  130,  505  (1900).    CoUn,  Ann.  chim.  phys.,  9X9  263  (1814). 
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Compounds  of  carbon  mono-potassium  cyanacetamide^(?),  nitrofonn 
ammonia.^ 

This  list  of  only  sixteen  substances  deliquescent  in  ammonia  at  a  pres- 
sure of  one  atmosphere  and  at  temperatures  above  zero  would  be  in- 
creased a  little  if  substances  deliquescent  at  temperatures  below  zero 
were  to  be  included.  Thus,  potassium  platino-thiocyanate,  KjPtCSCN)^, 
deliquesces  below  — io°,  and  the  corresponding  silver  salt,  AgjPtCSCN)^, 
below  — ^o®  (Peters);  rubidiimi,  below  — ^3®  (Rufif  and  Geisel);  and 
sodium'  and  barium*  below  — 20°. 

Scarcely  any  quantitative  data  appear  to  exist  for  presstures  higher 
than  one  atmosphere. 

The  meagemess  of  the  list  is  due  of  course  in  part  to  the  fact  that 
ammonia  deliquescence  has  not  been  studied  as  thoroughly  as  deliques- 
cence in  water  vapor.  It  is  far  from  likely,  however,  that  ammonia 
deliquescence  will  prove  to  be  of  as  frequent  occurrence  as  the  other. 
A  substance  deliquesces  when  the  actual  pressure  of  the  vapor  in  contact 
with  it  exceeds  the  vapor  tension  which  is  characteristic  of  its  saturated 
solution  at  the  same  temperature.  And  it  must  be  remembered  that  in 
the  case  of  deliquescence  in  water  vapor  we  are  dealing,  as  a  rule,  with  a 
very  small  partial  pressure  of  water  vapor  mixed  with  air,  while,  in  every 
case  in  the  foregoing  list,  the  ammonia  gas  which  caused  the  deliques- 
cence wsis  pure,  or  nearly  so,  and  exerted  therefore  a  pressure  of  about 
one  atmosphere.  We  have  found  no  recorded  cases  of  deliquescence  in 
ammonia  under  diminished  pressure.  It  may  be  considered  quite  certain 
that  under  any  considerable  diminution  of  pressure  the  list  would  be 
much  smaller  than  it  is,  and  it  is  quite  possible  that  for  pressures  corre* 
sponding  to  those  of  water  vapor  in  air  it  might  be  wiped  out  altogether. 

Of  all  the  substances  for  which  we  have  quantitative  data,  amnionium 
sulfocyanate  appears  to  be  the  most  deliquescent  in  ammonia.  We 
have  found  that  deliquescence  ceases  only  at  88^.  The  substance  which 
stands  nearest  to  it  in  this  regard  is  lithium,  whose  upper  limit  is  70® 
(Ruff  and  Geisel,  Moissan).  Caesium  and  strontium  cease  to  deliquesce 
at  40®  (Ruff  and  (ieisel),  and  ammonium  nitrate  at  29°  (Raoult),  or 
23®  (Divers). 

Compounds  of  Ammonia  and  Ammonium  Thiocyanaie. — It  is  a  matter 
of  common  knowledge  that  ammonia  unites  in  definit  proportions  with 
a  multitude  of  substances,  yielding  so-called  ammoniates,  and  that  in 
many  of  these  the  ammonia  plays  a  similar  role  to  that  of  water  of  crys- 

^  Franklin  and  Stafford,  loc,  cU. 

*  Franklin  and  Kraus,  Tms  Journal,  27,  214  (1905). 

'  Moissan,  loc.  cii.     Ruff  and  Geisel,  loc,  cU,     Seely,  Chem,  News,  239   169-70 
(1871).    Wcyl,  Poggendorff's  Ann,,  121,  601-12  (1864). 

*  Mentrel,  Bull,  soc,  chim,,  [3]  29,  496  (1903);  Compt.  rend.,  135,  740-2  (1902). 


ACTION  OF  AMMONIA  UPON  AMMONIUM  TmOCYANATB.  IJ 

taUizatiaa  in  hydrates.    Frequently  one  and  the  same  substance  will 

give  two  or  more  such  compounds  with  ammonia.    In  the  majority  of 

cases  more  or  less  satisfactory  analyses  for  these  compounds  are  at  hand. 

In  cases  where  analysis  is  difficult,  or  where  a  set  of  ammoniates  of  a 

^ven  substance  is  to  be  scouted  in  a  preliminary  way,  the  methods  of 

physical  chemistry  afford  valuable  means  not  only  of  detecting  their 

enstence,  but  also  of  determining  their  ammonia  content,  as  well  as 

cstain  of  their  physical  constants.    In  the  work  which  follows,  the  solidi- 

ks&m  curve  of  ammonia  solutions  of  ammonium  thiocyanate  is  used 

ibr  this  purpose.    The  method  has  already  been  applied  for  the  same 

pispose  to  solutions  of  ammonium  nitrate  and  of  water  in  ammonia, 

aod  has  shown  the  existence  of  the  compound  NH4NO,.3NHg^   in  the 

ooecase,  and  of  the  two  hydrates  H^O.NH,  and  H2O.2NH,'  in  the  other. 

BxperimentaL 

MMmg  Point. — ^The  ammonium  thiocyanate  used  was  from  Kahl- 
hnmi.  It  was  purified  by  several  crystallizations  from  water,*  ground 
ind  kept  over  concentrated  sulfuric  add.  The  melting  point  of  this 
substance  is  variously  given  in  the  literature,  ranging  from  147^  to  159 ^^ 
In  a  score  or  more  of  determinations  made  at  various  stages  in  otir  work, 
with  salt  taken  both  from  water  and  from  ammonia  solutions,  it  melted 
cmstantly  and  sharply  at  148  ^.  The  melting  point  was  always  determined 
in  capillary  tubes. 

Absorptive  Capacity  for  Ammonia.^— The.  ammonia  gas  was  obtained 
from  pure  concentrated  ammonium  hydroxide.  It  was  dried  over  fused 
caustic  potash,  and  by  washing  with  its  own  liquid  at  its  normal  boiling 
point. 

In  two  preliminary  trials,  made  at  approximately  room  temperature, 
ammonium  thiocyanate  absorbed  44.78%  and  45.26%  respectively 
of  its  own  weight  of  ammonia.  In  each  case  the  gas  was  passed  into  the 
salt  till  the  weight  of  the  latter  showed  no  further  increase.  These  pro- 
portions are  almost  exactly  molecular,  corresponding  to  2.02  and  2.001 
rnols.  of  ammonia  respectively.  The  product  was  an  oily  liquid,  of 
specific  gravity  0.981. 

To  determin  whether  a  compotmd  had  actually  been  formed,  or  whether 
the  molecular  proportions  were  simply  the  result  of  an  accidental  choice 
of  temperature,  the  absorptive  power  of  the  salt  was  tested  at  several 

^  KjirilofiF,  Z,  physik.  Chem.,  25,  908-10  (1898). 

■  Rupert,  This  Journal,  32,  748-9  (19 10). 

'Waddell  has  shown  that  the  transformation  of  anunonium  thiocyanate  into 
tUoorea  practically  does  not  occur  in  aqueous  solutions,  even  when  they  are  boiled 
for  many  hours.    J,  Physic.  Chem,,  2,  527  (1898). 

*  159**,  Reynolds,  Ann.,  150,  227  (1869).  148^-9**,  Reynolds  and  Werner,  /. 
Ckem.  Soc.,  83,  2  (1903).     I49^  Findlay,  Ibid.,  83,  407  (1904).   I47^  Inghlieri,  Chem. 

ztHir^  190^  n,  903. 
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temperatures  from  o^  to  loo^.  At  o°  the  product  was  found  to  contain 
43.10%  of  ammonia,  at  25°  31.16%,  at  50**  19.40%  and  at  75°  6.17%, 
while  at  100^  no  ammonia  was  absorbed. 

In  Fig.  I  the  circular  plots  represent  direct  absorption  of  ammonia, 
while  the  crosses  represent  values  obtained  by  first  saturating  the  salt 
at  a  lower  temperature  and  then  holding  the  product  at  the  required 
temperature  in  a  stream  of  ammonia  gas  till  it  no  longer  lost  weight. 
It  will  be  seen  that  the  end  result  was  sensibly  the  same  by  either  method. 

The  percentages  corresponding  to  molecular  proportions  are  indicated 
on  the  axis  of  concentration. 

Prolongation  of  the  rectilinear  upon  which  all  of  the  plots  lie  cuts 
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the  axis  of  temperature  at  88°,  which  is  thus  the  temperature  at  which 
ammonia  ceases  to  be  absorbed  by  ammonium  suUocyanate. 

There  is  no  baas  in  this  curve  for  assuming  the  existence  of  compounds 
ii  ammonia  and  ammonium  sulfocyanate  at  temp«%tures  above  zero. 

Freesing-Poittt  Curve. — Very  different  results  were  obtained  at  low 
tmperatuies  by  the  study  of  the  freezing  points  of  solutions  <A  ammonium 
taxyanate  in  ammonia  ranging  in  concentration  from  o%  to   ioo% 

cite  latter. 
Hk  apparatus  for  this  purpose  consisted  of  s  long-necked  glass  bulb 

tfibout  lo  cc.  capacity,  provided  with  a  steel  cap  as  shown  in  Fig.  3. 

A  is  a  deeve  of  such  diameter  as  just  to  allow  the  slightly  belled  mouth 
d  the  neck  to  pass.  B  is  a  similar  but  smaller 
dccve,  split  in  halves  in  the  direction  of  its  length, 
ittiiig  the  glass  neck  as  tightly  as  possible,  and 
srewing  into  A  above.  Hard  wax  was  melted 
■do  the  free  space  between  the  top  of  B  and  the 
aiouth  of  the  neck,  and  the  latter  was  held  mean* 
time  in  such  a  position  as  to  project  from  A  by 
m  amount  equal  to  about  half  the  thickness  of 
the  glass.  The  wax,  just  before  setting,  was 
kept  at  the  right  hei^t  under  the  bell  by  screw- 
ii%  B  up  or  down,  as  might  be  necessary. 

C  is  a  cap  provided  within  with  a  gasket  of 
fiber  or  stiff  nibber.     It  is  perforated  by  a  vent 

of  small  diameter  and  its  gasket  is  likewise  per-        Q  F 

forated.     The  vent  in  turn  is  closed  by  the  little 
cap  D,   with   its  gasket.     When   C   is   screwed      r> 
home,  its  gasket  presses  chiefly  or  wholly  upon      '-' 
Ae  glass. 

In  operation,  the  cap  C  was  removed  to  charge 
tbe  bolb  with  powdered  salt  and  with  ammonia. 
The  latter  was  conducted  to  the  bottom  of  the  *^'  '' 

^  by  means  of  a  narrow  glass  tube,  the  bulb  meanwhile  being  held  in 
ie  vapor  of  liquid  air,  at  such  a  height  above  the  liquid  that  the  am- 
aonia  wotdd  condense  as  fast  as  it  was  delivered,  but  without  freezing. 
The  weight  of  the  tube  empty,  the  weight  when  charged  with  salt,  and 
again  when  charged  with  both  salt  and  ammonia,  were  the  data  for  calcu- 
lating the  concentration  of  the  solution. 

The  solution  was  then  cooled  to  its  freezing  point  by  immersing  the 
bolb  in  a  bath  contaioing  about  equal  volumes  of  alcohol  and  ether. 
The  increasing  viscosity  of  alcohol,  if  used  alone  at  the  lower  tempera- 
tures, would  have  interfered  decidedly  with  the  maintenance  of  a  uni- 
fonn  temperature.     The  alcohol-ether  mixture,  contained  in  a  deep  cylin- 
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drical  Dewar  bulb,  as  shown  in  Fig.  3,  was  brought  first,  by  means 
of  liquid  air,  to  a  temperature  slightly  lower  than  the  freezing  point 
of  the  solution.  The  bulb  having  been  inserted,  a  small  portion  of  its 
contents  froze,  and  melted  again  very  slowly  indeed  as  the  bath  warmed. 
During  the  latter  process,  both  the  solution  and  the  bath  were  very 
eflfectively  stirred  by  simply  spinning  the  bulb  by  hand  from  above, 
the  lower  end  of  the  bulb  being  kept  centered  the  while,  if  necessary, 

by  means  of  a  simple 
arrangement   of  wire 
not  shown.     With  the 
same  object  of  thor- 
ough stirring  in  view, 
it  was  found  advan- 
tageous to  incline  the 
Dewar    bulb    at    an 
angle  of   about   45^. 
Just  as  the  last  crys- 
tals disappeared,  the 
temperature    of     the 
bath  was  taken.     Im- 
mediately after,  liquid 
air  was  introduced 
into  the  well   stirred 
bath,  a  few  drops  at 
a  time,  and  the  tem- 
perature   was    noted 
again  just  as  the  first 
crystals     reappeared. 

-*.-..,  ^  If    the    interval    be- 

Fig.  3.  Preeiang-pomt  apparatus.  ai^^^^^ 

tween  tne  disappear- 
ance and  the  reappearance  of  crystals  was  brief,  there  was  no  evidence 
of  supercooling  in  the  solution. 

Temperatures  were  read  by  means  of  a  platinum  resistance  thermometer 
which  had  been  thoroughly  tried  out  in  previous  work,  and  which  was 
standardized  again  for  this  immediate  purpose  by  means  of  broken  ice 
and  a  carbon  dioxide-ether  mixture  (temperature  78.34  cor.).^  This 
thermometer,  protected  by  a  thin-waUed  glass  tube,  was  immersed  several 
inches  deep  in  the  bath. 

The  arrangement  of  the  thermometer,  just  described,  suggests   the 

likelihood  of  considerable  lag  in  temperature,  and  this  lag  would  have 

been  realized  no  doubt  if  the  temperature  of  the  bath  had  been  allowed 

to  change  too  rapidly  in  either  direction.     By  a  not  too  cumbersome 

*  Holbom,  Ann,  Phys,,  [4]  6,  245  (1901). 
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combtnation  of  thorough  stirring,  and  deft  manipulation  of  tiie  liquid 
air,  it  was  found  in  practice  that  the  difference  between  the  melting 
and  freezing  points  could  be  reduced  to  a  fraction  of  a  degree.  That 
iJut  thermometer  moreover  was  practically  unaffected  by  heat  conducted 
k  through  the  leads  is  shown  by  the  fact  that  the  freezing  point  of  pure 
laamrmtA  was  found  at  76.2 '^.  Not  Icss  than  three  readings  were  taken 
d  och  freezing  point  of  the  solution  for  each  concentration. 

Baving  finished  with  one  concentration,  the  tube  was  removed  from 

fte  bath,  carefully  dried,  and  weighed  again  at  room  temperature  as  a 

c^eck.    The  small  cap  D  was  then  opened  slightly,  and  a  very  small 

anxnmt  of  ammonia  was  blown  off,  thus  giving  a  new  concentration. 

A  considerable  number  of  successive  determinations  could  thus  be  made 

litfa  a  single  initial  charge,  until  the  contents  of  the  bulb  were  about 

hlf  gone.     At  this  point  it  was  found  desirable  to  begin  with  a  new 

charge  of  suitably  greater  concentration  than  the  first,  for  if  the  bulb 

las  much  less  than  half  full,  it  became  somewhat  difficult  to  detect 

vith  sufficient  precision  the  first  appearance  of  crystals,  or  the  exact 

moment  of  their  disappearance. 

For  temperatures  above  that  of  the  room,  a  bath  of  warm  water  was 
aobstituted  for  the  alcohol-ether,  and  water  warmer  than  the  bath,  for 
tfae  liquid  air. 

Results. — The  following  table  gives  the  data  obtained  and  Pig.  4 
shows  the  course  of  the  curve. 

Table  of  FftESziNo  Points. 

%  HHs.  F.  p.  %  NHt.  p.  p.  %  NHt.  F.  p.         %  NH|.  F.  p. 

0.00  148  32.29  — 39.8  56.18  — 79.8         66.79  —95 

9.89  77  3401  —39-2         56-63  — 76.8         67.30  —93 


13.22  56  36.38  — ^38.8         57-43  — 75-8        67.93  —91.8 

16.55  32  38.76  —38.8         57.77  —79  68.25  -—90.3 


X7.62  23  42.08  — ^41.3  58.62  — 79.8  68.84  — ^89 

19.40  10.3  44.08  — ^42  59-22  — 79.8  69.65  — ^88 

».93  — 0.3  45-40  —44  59.29  -^9-8  71. 00  —^5-7 

n.91  — ^5-8  47.33  —47-2  60.07  —79-8  73.77  —82.7 


13,50  — 13.8         48.76  — ^52.2         60.73  —84.7         76.18  — 81.3 

n.27  — 18  49.75  —57  61.53  —86.3         78.75  —79 


^.94  — 20  51-08  — 60.6  61.63  — 84.3  79-38  — 79.2 

14.89  — 22  52.20  —^5.2  62.33  —87  83.18  —78.7 

J5.6X  — 24.3  53.96  —70.8  63.05  —87.2  86.78  —78 

26.30  — 25'S  54.65  —72.8  64.55  —87.3  90.01  -^7 


27.67  — 29.8  54.90  —73  65.60  —88.3  93.50  —76.9 

39.13  —34-8  55-13  —75-7  66.11  —89.3  94.78  —76.8 

29.90  —39-8  55.52  —77  66.40  —90.8  94.90  —76.7 

P'15  — ^43.8  55-9^  — 79.3  66.41  —91.3  100.00  — 76.2 


hi  Fig-  4,  for  convenience  of  reference,  the  percentages  corresponding 
to  molc^fa^  proportions  are  indicated  on  the  axis  of  concentration. 
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It  will  be  seen  that  the  curve  furnishes  sufficient  evidence  of  the  exist- 
ence of  three  compounds,  at  least.  These  are  ammoniates  contaming 
three,  six  and  eight  molecules  of  ammonia  respectively.  The  crests 
are  well  formed  and  the  highest  points  correspond  accurately  enough 
to  the  theoretical  molecular  concentrations. 
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Pig.  4.    Freezing-point  curve. 
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That  part  of  the  curve  which  lies  between  24%  and  30%  shows  no 
crest.  However,  its  prolongation  would  apparently  culminate  at  about 
18%  ammonia,  which  corresponds  to  a  mono-ammoniate.  Provisionally, 
it  will  probably  be  safe  to  assume  the  existence  of  this  compound,  but 
if  so,  it  forms  only  in  the  presence  of  a  certain  excess  of  ammonia.  Cases 
of  this  sort  are  not  at  all  uncommon.*  Again,  between  60%  and  62%  of 
ammonia  there  is  doubtless  a  convolution  corresponding  to  a  hepta- 
ammoniate,  but  the  numerical  data  are  not  as  conclusive  as  might  be 
desired.  Intervals  of  concentration  must  be  made  much  smaller  be- 
fore the  course  of  the  curve  at  this  point  can  be  considered  certain.  An 
important  reason  for  assuming  the  existence  of   this  hepta-ammoniate 

'  E.  g.,  Kuriloff,  Z.  physik.  Chem.,  2$,  677  (1897). 
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b  found  in  the  fact  that  the  crystals  which  form  at  this  part  of  the  curve 
are  different  from  those  which  form  on  either  side  of  it. 

Finally,  between  58%  and  60%  the  plots  are  wholly  ambiguous.    Situ- 
sted  as  they  are,  however,  it  is  impossible  that  they  should  belong  either 
to  the  convolution  of  the  hepta-ammoniate  on  the  left  of  them,  or  to 
M  of  the  octo-ammoniate  on  their  right.     Clearly,  also,  they  are  poor 
material  out  of  which  to  construct  a  new  convolution  between  these  two. 
Nntrtheless,  we  are  convinced  that  such  a  new  convolution  will  be  found 
here  when  data  of  sufficient  accuracy  come  to  hand,  for,  as  in  the  previous 
ose,  the  crystals  which  form  in  this  section  are  distinguishable  in  ap- 
pearance from  those  which  form  at  concentrations  immediately  adjacent. 
Secfa  a  convolution  would  correspond  to  a  compound,  NH4SCN.6V3NH,, 
cr  2NH^CN.i3NH3.(58.9%  NH,),  which  would  be  analogous  to  cases 
vfnch  occur  frequently  enough  in  salts  with  water  of  crystallization, 
e.  g.,  FeClj-aV^HjO    (=  2FeClj.7HjO).      It  remains  only  to  add    that 
while  thus  eight  sorts  of  crystals  could  be  distinguished  by  the  eye  it  is 
a  much  more  difficult,  if  not  impossible,  task  to  distinguish  them  by  de- 
scription.    In  general,  however,  the  four  sorts  observed  between  56% 
and  67%  ammonia  (the  region  of  the  four  narrow  convolutions)  appeared 
as  flakes,  while  the  three  below  56%,  including  ammonium  thiocyanate 
itsdf,  were  granular.    The  solid  ammonia,  as  it  formed  in  small  quantities, 
may  perhaps  best  be  described  as  jelly-like. 

Cbnsidering  the  great  complexity  of  the  curve  as  a  whole,  it  is  highly 
desirable  that  the  work  be  repeated  with  all  possible  refinements.  Owing 
to  the  change  of  residence  of  one  of  us,^  we  shall  unfortunately  not  be  able 
to  do  this  in  the  immediate  future.  It  would  also  be  interesting  to  de- 
termin  the  vapor  pressiu^e  curve  with  a  view  especially  to  learn  whether 
these  compounds,  or  any  of  them,  exist  in  solution  at  higher  tempera- 
tures. 

Sunmiaiy, 

1.  Ammonium  sulfocyanate  is  the  most  deliquescent  substance  in 
ammonia  so  far  observed.     It  continues  to  deliquesce  up  to  S8^. 

2.  The  freezing-point  curve  has  been  determined  in  a  preliminary 
way  for  solutions  of  ammonium  thiocyanate  in  ammonia,  at  concentra- 
tions ranging  from  0%  to  100%  NHj. 

3.  The  solvent  forms  three  compounds  certainly,  and  probably  five, 
with  the  solute.  The  former  contain  respectively  one,  three  and  eight 
molecules  of  ammonia;  the  latter,  seven  and  six  and  one-half  molecules. 

4.  The  melting  points  are  approximately  as  follows:  the  mofio-am- 
monktef  — 16®  (metastable) ;  the  tri-ammoniate,  — ^38°;  the  hexa-am- 
jDQOtate,  — 76^;  the  hepta-ammoniate,  — 84°;  and  the  octo-ammoniate» 
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about  — ^87®.    The  ammoniate,  2NH4SCN.13HN,,  woidd  probably  melt 
in  the  vicinity  of  — 80®. 
5.  The  lowest  eutectic  point  lies  in  the  vicinity  of  — 96°. 
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A  METHOD  OF  MEASURING  ABSOLUTE  VISCOSITY. 

By  Harold  P.  Ournst. 
Received  November  2,  1911. 

The  desirability  of  expressing  the  viscosity  of  liquids  in  absolute  units 
cannot  be  too  strongly  urged.  Unfortunately,  most  methods  employed 
to  this  end  are  either  not  adapted  to  rapid  commercial  work,  or  are  not 
capable  of  giving  absolutely  accurate  results.  The  advantages  that  may 
be  claimed  for  the  following  method  are:  (i)  it  can  be  made  extremely 


t 

51 


i. 


.i 

I 


t. 
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accurate,  (2)  the  manipulation  is  simple 
and  rapid,  (3)  opaque  liquids  can  be 
tested,  (4)  the  apparatus  can  be  set  up 
in  any  chemical  laboratory  at  short  no- 
tice, taking  but  little  time  to  calibrate, 
and  (5)  only  a  very  small  quantity  of 
liquid  is  required. 

The  apparatus  is  outlined  in  Fig.  i* 
The  flask  D  is  connected  by  a  stopcock, 
A,  to  a  vacuum  pump  and  by  rubber 
tubing,  C,  to  a  vertical  glass  tube,  £,  of 
capillary  bore.  A  stopcock,  B,  connects 
with  the  atmosphere.  A  cup  with  ver- 
tical walls  contains  the  liquid  where  vis- 
cosity is  to  be  tested.  There  are  three 
marks  or  etched  rings  around  the  glass 
tube  at  F,  G,  and  H.  In  Fig.  2,  the 
apparatus  is  shown  with  a  jacket  for  tem- 
peratures other  than  room  temperature. 
The  method  of  operation  is  simple. 
The  cup  /  is  filled  with  liquid  until  it 
just  rizes  inside  the  capillary  to  the  line 
H.  The  stopcock  A  is  opened  and  B  is 
shut  until  the  liquid  has  been  sucked  up 
above  the  line  F.  A  is  closed  and  B 
yy      opened,  thereby  admitting  atmosphenc 


1  JLl/^_    H      opciiea,  thereby  aamittmg  atmospnc**^ 
]fr2L^MZnl^  pressure  above  the  liquid  in  the  capU- 

I    '       ' — '  lary  tube.    The  level  of  the  liquid  in 

the  capillary  descends  with  but  slightly 


Fig.  I. 
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rfhnimshing  velocity,  and  the  -  tinie  required  to  pass  from  F  to  G  is 
measured  ty  stop  watch.  Increased  accuracy  may  be  attuned  bj  re- 
peating and  averaging  results.    The  distances  of  F,  G,  and  H  from  both 

the  bottom  and  top  of  ^_^ 

the  tube  are  carefully 

nwasured;  the  density 

d  the  liquid  may  be 

obtained  by  any  suit- 

tUe  method,  and  the 

tadius  of  the  capillary 

may    be    determined 

hota  the  length  and 

Might  of  a  thread  of 

mcFcuiy.     The    tube 

should    be    placed  ^^ ^ 

parallel  to   a  plumb-     Aafr^mat 

line  to  insure  accurate 

peipendicularity.     In 

case    the     water     or 

steam  jacket  is  used, 

the  liquid  should  first 

be   sucked   up,   then  — 

lowered    to  atmos-  ~ 

I^ieric    pressure    and 

the  liquid  adjusted  to  _ 

H.    Then  it  should  be 

raised  to  the  top  of  _. 

the  jacket  above  F 

natil  the  temperature  is  the  same  as  that  of  the  jacket,  waiting  say  a 

minute  or  two,  and  then  allowed  to  descend  as  before.     When  the  level 

of  the  liquid  passes  F,  practically  all  of  the  liquid  which  was  not  exposed 

to  the  jacket  will  be  out  of  the  capillary.     In  this  way,  the  amount  of 

liquid  to  be  heated  up  is  extremely  small,  hence  saving  in  time  of  operation. 

In  the  following  mathematical  discussion,  all  reasonable  corrections 
will  be  taken  into  account  and  some  of  these  will  later  be  shown  to  be 
n^ligible.     The  following  notation  will  be  employed : 

t  —  the  distance  of  the  level  of  the  liquid  in  the  capillary  to  the  bottom  of  the  tube 
at  any  time  I. 

la  —  thedistaoceofFfrom  the  bottom  of  the  tube  or  thelevel  at  time  Id- 

^  —  the  distance  of  G  from  the  bottom  of  the  tube  or  the  level  at  time  t,. 
r  —  the  rsdius  of  the  cftpilUry. 

R  —  the  radius  of  the  dish. 

q  —  the  cross-section  of  the  capillary. 

Q~  Ok  surface  of  the  liquid  in  the  dish.  . 


26  HAROLD  P.   GUHNBY. 

h  —  the  distance  between  the  original  surface  of  the  liquid  in  the  dish  and  the 

bottom  of  the  tube. 
c  «  the  capillary  head. 
d  -"  the  variable  depression  of  the  surface  of  the  liquid  in  the  dish  at  time  i  from 

that  of  the  original  adjustment. 
X  »  the  density  of  the  liquid. 
pL  «  the  viscosity  of  the  liquid. 
g  «  the  acceleration  of  gravity. 

P  -■  the  pressure  tending  to  change  the  velocity  of  the  column  of  liquid. 
a  »  the  pressure  due  to  the  resistance  of  the  air  in  the  capillary  tube. 
V  —  the  velocity  of  the  capillary  liquid  level. 

All  quantities  shotild  preferably  be  expressed  in  gram-centimeter- 
second  units.  At  any  time  /,  the  pressure  P  tending  to  change  the  veloc- 
ity of  the  capillary  colunm  of  liquid  is  given  by  the  following  equation: 

Slddl^      0.005  r^"^      T^ 


P  =  — 


r'dt 


+ +  y  +  q'g  +  hrg—{l  +  d)rg  +  a. 


Of  these  quantities  J—1  and  lyg  are  the  largest,  by  far.     Equating 


these  alone  we  would  obtain: 


lyg 


V 


dl  r^g 


dt  Sfi  ' 

Since  ^-i^  is  made  up  of  constant  quantities,  v  would  be  constant  under 
8/1 

this  assumption.  However,  certain  other  factors  cause  v  to  vary  slightly. 
The  change  in  velocity  of  the  column  of  liquid  is  small  and  since  P  =* 
fddvldt  the  value  of  P  will  be  entirely  neglected. 

Also, 

Qd  ^q(l  —  h  —  c), 

d^p(l-h-c). 
where 

and 

^         /.,      r^      0.005  rZ-u*  Stddl 

Both  /?  and  the  quantity    f  _  +  -I — zL —  +  a\  are  small,   and  if 

(h  +  c  -\ 1-  ^ — — —  +  ^]  be  designated  by  a  a  variable,  the  equa-* 

V  2g  gr  yg/ 

tion  may  be  simplified  to  the  form 
^  dl  IB  itself  ne^tive  aiiioe  I  ditninishwt. 
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rgr*(i  +  P)dt  Idl 

8/1  "         1  —  2' 

Int^^ting  between  the  limits  of  t^  and  <„  and  /„  and  /„  respectively, 


let 


flien. 


where 


v^  -  L/T  and  /,  -  V,(/o  +  « • 

It  wU]  be  shown  later,  in  a  numerical  example,  that,  with  all  other 
quantities  given,  the  value  of  ja  may  be  expressed  as  a  linear  function 
of  2  instead  of  a  complex  logarithmic  function;  ^  +  c  is  the  larger  part 
of  2,  but  for  acctu'ate  work  other  values  should  be  taken  into  account. 

In  r^;ard  to  a/gy,  the  resistance  head  of  the  air  in  the  capillary  tube, 
this  may  be  expressed  in  terms  of  y^,  the  density  of  the  air ;  /£^,  the  viscosity 
of  the  air;  and  /^,  the  mean  length  of  the  air  column  in  the  capillary  tube: 

r*  r  2  2 

Of  this  expression,  the  three  last  quantities  are  small  compared  with  the 
first,  and  /i^  may  be  expressed  in  terms  of  the  absolute  temperature  © 
di^rees  centigrade  by  the  simple  relation  f^a  "^  ^&  where  c  is  a  constant 
and  equal  to  6.2  X  lo"'  approximately. 

It  is  directed  to  place  the  tube  perpendicularly.  Should,  however,  the 
tube  deviate  by  an  angle  a  degrees,  the  measured  value  of  /£  would  be  too 
large  by  an  amount  which  is  a  fraction  of  its  true  value  X  0.00015  a'. 
If  the  value  of  g  is  only  carried  to  three  places,  it  is  obviously  incon- 
sistent to  take  into  account  a  deviation  of  one  or  two  degrees. 

Let  us  now  take  up  a  specific  numerical  example.    A  capillary  tube 
of  one  meter  in  length  has  the  following  dimensions:  r  =  0.03475  cm., 
f*  «  0.001207  sq.  cm.,  /q  «  78.45  cm.,  /,  ==  21.37  cm.,  l^  =  50.09  cm., 
/    s  49-91   cm.,  and  L  ~  57*o8  cm.    Also  R  —  4.4  cm. 
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wherein 

^-(i)'-r^)'-°-»^4. 

The  effect  of  fi  can  obviously  be  neglected.    As  7-  and  T  will  differ  with 

different  liquids,  we  will  simply  endeavor  to  express  the  coeflScient  of  yT 

as  a  linear  function  of  z,     A  are  the  differences  in  the  coefficient  per  unit 

difference  in  2. 

or' 

o 0.002593  0.000060 

I 0.002533         0.000059 

2 0.002474  0.000060 

3 0.002414  0.000061 

4 0.002353  0.000061 

5 0.002292  .... 

Then  within  reasonable  limits: 

.         -,  ■■0.002593  —  0.0000600  —  0.002593(1 — 0.02312:). 
S\L +lnz 


[^ +'-'  ifElJ 


Now, 

z 


If  the  temperattu-e  is  20®  C,  0  =  293.7.    Also  g  =  981; 
then, 

«=a  fc  +  C  +  0.062  -55.  +  0.008  V     *. 

When  v^  is  small,  it  can  be  neglected  in  commercial  work,  and  if  fe  +  c 
be  made  equal  to  2.00  cm.,  then, 

ft  =  o.oo247y'T. 
VISCOSITY  OF  SOLUTIONS  OF  THE  METAL  AMMONIA  SALTS. 

By  Arthur  A.  Blancbard  and  Harold  B.  Pusbbb. 
Received  October  30,  1911. 

In  a  previous  article  by  one  of  the  authors*  it  has  been  pointed  out 
that  in  series  of  homologous  liquid  organic  compounds,  the  viscosity 
is  greater,  the  greater  the  molecular  weight,  and  smaller,  the  greater  the 
symmetry  of  the  molecule.  From  this  it  has  been  assumed  to  be  a  general 
principle  that  an  increase  in  viscosity  is  due  to  an  increase  in  the  size 

*  Tms  Journal,  26,  1315  (1904). 
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of  the  molecules  of  a  liquid,  or  to  a  decrease  in  their  S3rmmetry,  and  this 
principle  has  been  applied  in  the  study  of  solutions  of  inorganic  com- 
pounds. It  is  generally  believed  to-day  that  in  aqueous  solutions  a  weak 
chemical  union  exists  between  solute  and  solvent,  and  that  the  molectdes, 
and  particularly  the  ions,  of  the  solute  are  not  as  simple  as  would  appear 
from  the  ordinary  way  in  which  their  formulas  are  written.  It  should 
be  possible  by  a  careful  interpretation  of  viscosity  measurements  to  gain 
considerable  insight  into  the  complexity  of  the  molecular  or  ionic  se- 
gregates existing  in  a  solution. 

The  method  employed  by  us  in  determining  viscosity  was  the  usual 
one  of  taking  the  time  of  flow  through  a  capillary  tube.  The  time  for 
the  flow  of  a  definit  volume  of  solution  under  its  own  head,  divided 
by  the  time  of  flow  for  the  same  volume  of  pure  water,  multiplied  by 
the  spedfic  gravity,  gives  the  viscosity  in  terms  of  the  viscosity  of  water. 
To  this  value  a  correction  has  been  applied,  with  the  end  in  view  that 
the  viscosity  value  shall  always  be  based  on  the  same  amount  of  water 
rather  than  on  the  same  volume  of  solution.  A  definit  bulb  full  of 
solution  contains  less  water  than  the  same  bulb  when  filled  with  pure 
water.  The  difference  is  readily  calculated  and  in  applying  the  cor- 
rection, the  time  of  flow  of  this  amount  of  water  through  the  capillary 
is  added  to  the  time  of  flow  of  the  solution.^ 

The  remarkable  phenomenon  of  negative  viscosity  has  been  observed 
with  a  niunber  of  salts  such  as  the  nitrates,  iodides,  thiocyanates,  etc., 
of  potassium,  ammonium,  rubidium,  caesium,  and  thallium,  that  is, 
solutions  of  these  salts  have  a  lower  viscosity — ^in  most  cases  even  when 
the  corrected  viscosity  is  considered — ^than  that  of  pure  water.  Addi- 
tion of  the  salt  thus  decreases  the  internal  friction  of  the  water.  Ac- 
cording to  the  principle  just  stated,  this  must  mean  that  aggregates 
of  smaller  size  or  greater  symmetry  are  produced.  The  hydrated  ions 
or  molecules  of  the  dissolved  salt  must  be  smaller  or  more  symmetrical 
-than  the  (H,0)^  molecules  which  are  present  in  pure  water. 

A  phenomenon  similar  to  negative  viscosity  is  observed  when  ammonia 
is  added  to  solutions  of  copper,  silver  and  zinc  salts.'  Initially  a  marked 
decrease  in  viscosity  occurs,  but  after  addition  of  two  moles  of  ammonia 
for  each  mole  of  silver  salt,  and  four  moles  of  ammonia  for  each  mole 
of  copper  or  zinc  salt,  further  addition  of  ammonia  causes  practically 
the  same  increase  of  viscosity  as  if  it  were  added  to  pure  water. 

It  is  known  that  the  ion  complexes  [Ag.2NH3]'*',  [CU.4NH3]'*""*',  and 
[Zn.4NH,]++  exist  in  ammoniacal  solutions.  The  viscosities  of  solu- 
tions of  these  ion  complexes  being  less  than  of  solutions  of  the  supposedly 
simple  metal  ions  Ag+,  Cu**""*",  and  Zn"*""*",  it  is  fair  to  assume  that  the 

*  Loc,  cU.,  p.  1320. 

*  Blanchard,  Tms  Journal,  a6,  1315  (1904). 
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former  must  be  smaller  or  more  compact  than  the  "simple"  ions;  and 
the  most  obvious  explanation  is,  that  the  ordinary  aqueous  ion  is  a  com- 
plex consisting  of  the  metal  ion  plus  bound  water  molecules,  and  that 
this  complex  is  larger,  or  else  more  unsymmetrical,  than  the  new  complex 
formed  by  displacing  the  water  molecules  by  ammonia  molecules. 

The  new  experimental  work  on  this  subject  which  has  been  carried  out 
by  Mr.  Pushee  at  the  Massachusetts  Institute  of  Technology  has  con- 
sisted of  the  measurement  of  viscosities  of  solutions  obtained  by  making 
successive  additions  of  ammonia  to  solutions  of  salts  of  alkali  and  alkaline 
earth  metals.  The  accompanying  tables  contain  the  experimental 
results. 

The  first  column  gives  the  concentration  of  ammonia  in  moles  per 
liter. 

The  second  column  gives  the  specific  gravity  of  the  solution  referred 
to  that  of  water,  both  at  the  temperature  of  the  experiment. 

The  third  column  gives  the  time  of  flow  of  the  solution.  The  figure 
in  parenthesis  gives  the  time  of  flow  of  pure  water  in  the  same  appa3ratus 
at  the  same  temperature. 

The  fourth  column  gives  the  viscosity,  yj,  as  calculated  in  the  more 
usual  manner. 

The  fifth  column  gives  the  corrected  viscosity,  t)\  in  which  allowance 
is  made  for  the  water  displaced  by  the  solute. 

AbIMONIA  in  WaTSR  AT  25®. 


Cone.  NHs. 

Sp. 

gr.  25V25*. 

Time  (147.8). 

V' 

r- 

D'. 

• 

0 

1. 000 

147.8 

1. 000 

1. 000 

... 

2 

0.986 

155.8 

1.040 

1.088 

0.044 

4 

0.973 

164.2 

1. 081 

I  175 

0.044 

6 

0.961 

172.6 

1. 121 

1.262 

0.043 

8 

0.946 

182.8 

1. 169 

1. 316 

0.050 

Average,   0.044 

Ammonia  in  1.048  Moi«ai«  NH4CI  at  25^. 

(147.4) 

o                     I. 017                  144.6  0.997                  I. 137 

I. 00                I. 010                  148.8  1.020                  1.084               0.047 

2.96                0.995                   157-9  1.068                   I. 178                0.048 

4.75                0.982                   169.3  1. 127                   1.280                0.057 


Ammonia  in  0.548  Molai«  CaCl,  at  25^. 

(147.8) 

0  1.047  164.8  I. 168 

1  1.040  168.9  I. 190 

2  1.033                    173.9  I. 214 
6                       1.008                   193.5  1.325 


Average, 

0.051 

I 

.180 

... 

I 

.225 

0.045 

I 

.286 

0.061 

I 

.478 

0.048 

Average,  0.050 
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Ammonia  in  1.097  Molal  LigSO^  at  35^. 


Cone  NH3. 

0.00 
1. 10 

2.21 
4.41 
6.52 


Sp.  gr.  25V25«. 

1.048 
1 .042 
XO34 
1.019 
1.007 


Time  (147.6). 

1855 

192.3 
200.7 

216.6 

231.9 


9- 
1. 318 

359 
406 

496 
581 


Ammonia  in  0.5  Molal  LiG  at  i 


0.00 
1. 00 
1.97 
2.50 
2.96 
4.06 


1.014 
1.006 
1. 001 
0.998 
0.995 
0.989 


(285.2) 
302.0 

314.3 
325.4 
331.6 

335-7 
349-7 


1.073 
i.iio 
1.14a 
1. 161 
1.172 
1.215 


Ammonia  in  1.504  Molal  LiCl  at  i 


0.00 

1-97 
3.92 

5.15 
7.65 


1.037 
1.024 

1. 010 

X.003 

0.998 


(285.2) 

382.4 

363.5 

398.5 

419.7 
470.9 


1.207 
1.306 
X.409 

1-477 
1.663 


r- 

D'. 

I -331 

•  •  • 

1-399 

0.062 

1.473 

0.067 

1.615 

0.065 

1.748 

0.063 

Average, 

0.064 

1.081 

•  •  ■ 

1. 143 

0.062 

1.197 

0.056 

1.229 

0.060 

1.250 

0.046 

1. 318 

0.062 

Average, 

0.058 

1.234 

■  •  ■ 

1.379 

0.074 

1-531 

0.078 

1.626 

0.077 

1.839 

0.085 

Average, 

0.076 

The  sixth  column  gives  the  rate  of  mcrease,  D^  of  the  corrected  vis- 
Gosity.  This  is  obtained  by  dividing  the  increase  of  viscosity  over  that 
of  the  previous  measurement  by  the  increase  in  the  molal  concentration 
of  ammonia.  The  average  value  of  !>'  is  the  rate  of  increase  over  the 
whole  interval  between  zero  concentration  of  NH,  and  the  concentration 
of  NH3  which  is  nearest  to  5-molal. 

It  is  known  from  the  lowering  of  the  partial  pressure  of  ammonia 
over  such  solutions  as  the  above,  ^  that  the  ammonia  is  to  some  ex- 
tent bound  by  the  metal  salts,  but  the  viscosity  curves  obtained  by  us 
^ow  a  not  very  great  deviation  from  the  curve  of  the  viscosity  when 
ammonia  is  added  to  pure  water.  Of  course  the  complexes  formed  by 
these  metals  and  ammonia  are  far  less  stable  and  not  so  well  defined  as 
the  complexes  with  copper,  sUver,  and  zinc;  still  the  interesting  fact 
is  that  instead  of  getting  a  negative  viscosity  effect  here,  there  is  a  slight 
tncretise  in  the  viscosity. 

This  is  the  important  evidence  of  the  new  work,  that  such  unstable 
complexes  as  are  formed  between  ammonia  and  lithium,  potassium, 

'  Gass,  Z.  an  org,  Ckem.,  35,  236  (1900).    Abegg  and  Riesenfeld,  Z.  phystk,  Chem., 
40b  84  (1902).     R  iesenfcM,  Ihid.,  45,  461  (1903). 
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ammonium  and  calcium  salts  are  somewhat  more  viscous  and  must 
therefore  be  larger,  or  less  symmetrical,  than  the  ordinary  complexes  of 
the  same  salts  with  water  in  simple  aqueous  solutions. 

It  is  not  easy  to  assign  a  reason  why  salts  of  silver,  copper  and  zinc, 
on  the  one  hand,  should  show  a  preference  to  form  compact  complexes 
with  ammonia,  and,  on  the  other  hand,  lithium,  potassium,  ammonium 
and  calcium  salts  should  show  a  preference  to  form  compact  complexes 
with  water.  Various  analogies  suggest  themselves,  for  example,  the 
difference  between  the  sulfo-  and  the  oxy-salts.  Thus,  tin,  arsenic, 
and  antimony  show  a  marked  tendency  to  form  well  defined  sulfo-salts 
but  very  poorly  defined  oxy-salts;  on  the  other  hand,  chromium  and 
manganese  show  no  tendency  to  form  sulfo-salts,  but  they  do  form  well 
defined  oxy-salts,  as  in  the  chromates  and  permanganates. 

To  compare  with  the  viscosity  values  for  ammoniacal  aqueous  solutions, 
it  seems  of  great  importance  to  obtain  the  values  for  solutions  in  anhydrous 
ammonia,  both  with  and  without  small  additions  of  water.  Work  in 
this  direction  has  already  been  begun  in  this  laboratory. 

UABBAcavum  Inaemvrs  of  Tbcbnoloot, 
Labokatoky  or  Inoroanic  Chbcxsixt. 
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REA6EHT,  "TETRAMETHYL  BASE.*' 

By  Robxrt  J.  Casnsy. 
Received  November  16.   1911. 

An  acetic  acid  solution  of  the  organic  base,  tetramethyldiaminodi- 
phenylmethane,  (CH^^NjCC^HJ^CH,,  was  used  by  Trillat*  in  1903  for 
the  detection  of  traces  of  lead  and  manganese.  His  method  is  to  convert 
the  metals  into  the  form  of  dry  sulfates,  then  warm  and  treat  with  a  few 
drops  of  a  solution  of  sodium  hypochlorite,  remove  the  chlorine  by  washing 
and  add  the  reagent  and  warm.  A  beautiful  blue  color  develops,  which 
disappears  on  cooling  and  reappears  on  warming.  With  manganese  it 
is  not  necessary  to  add  the  hypochlorite,  but  merely  to  add  sodium  hy- 
droxide and  ignite  before  adding  the  reagent.  Trillat  found  that  this 
gave  a  very  delicate  test  for  both  lead  and  manganese. 

This  base  has  also  been  used  as  a  reagent  for  th^  detection  of  ozone 
in  mixtures  containing  hydrogen  peroxide  and  the  oxides  of  nitrogen. 
For  this  purpose  the  base  is  dissolved  in  alcohol,  and  strips  of  paper 
are  moistened  with  the  alcoholic  solution  and  held  in  the  gas.  Ozone 
gives  a  violet  color,  nitrogen  dioxide  a  straw-yellow  and  hydrogen  peroxide 
no  color  whatever.  Arnold  and  Mentzel'  were  the  first  to  use  the  le- 
agent  for  this  purpose.    They  named  the  reagent  "tetra  base,"  but 

'  CompU  rend.t  136,  1205-1207;  also  /.  Chem,  Soc.  Absir.,  1903,  512. 
»  Ber.,  35,  1324. 
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finding  later  that  />-phenylenediamme  had  long  been  sold  under  this 
name,  they  changed  the  name  to  *'tetramethyl  base."  Fischer  and  Marx,^ 
Fischer  and  Braehmer,'  and  Kaiser  and  McMaster'  have  also  used  this 
reagent  in  their  work  as  a  test  for  ozone. 

A  modification  of  Trillat's  method  has  been  used  for  some  time  in 
this  laboratory  as  a  test  for  manganese,  confirming  the  results  obtained 
by  inorganic  tests.  The  base  is  prepared  as  follows:  ^  Warm  on  the 
water  bath  for  one  hour  a  mixture  of  30  grams  of  dimethylaniline,  10 
grams  of  formaldehyde,  200  cc.  of  water,  and  10  cc.  of  sulfuric  acid.  After 
cooling,  make  alkaline  with  an  excess  of  sodium  hydroxide,  drive  off 
the  unchanged  dimethylaniline  with  steam.  Filter  after  cooling,  wash 
the  brownish  product  with  water,  then  recrystallize  once  from  alcohol. 
This  gives  a  pure,  yellowish  white  product. 

There  are  objections  to  the  use  of  an  acetic  acid  solution  of  the  base, 
as  recommendal  by  Trillat.  The  acetic  acid  solution  should  be  heated 
when  used,  but  when  heated  the  base  immediately  precipitates  and  will 
not  dissolve  until  the  solution  is  cooled.  A  colorless  acetic  acid  solution 
of  the  base  is  hard  to  obtain.  It  is  unstable  and  soon  darkens,  even 
though  kept  away  from  the  light.  The  use  of  citric  acid  as  the  solvent 
has  been  found  to  be  much  more  satisfactory.  The  reagent  is  made 
up  by  dissolving  2.5  grams  of  the  organic  compound  in  a  solution  of  ten 
grams  of  citric  add  in  10  cc.  of  water.  This  solution  is  then  diluted  to 
500  cc.  It  is  perfectly  colorless,  will  not  give  a  precipitate  upon  heating 
even  to  boiling,  and  is  stable,  no  precautions  with  regard  to  keeping  out 
light  being  necessary. 

With  any  compound  of  lead  or  manganese  in  which  the  metal  has  a 
valence  of  more  than  two,  a  cold  solution  of  the  reagent  will  give  a  deep 
reddish  purple  color  due  to  an  oxidation  product  of  the  reagent.  Cobaltic 
and  nickelic  hydroxides  also  cause  the  formation  of  the  color,  although 
the  reaction  takes  place  perhaps  somewhat  more  slowly  and  the  color 
is  not  as  deep  usually  as  with  manganese  or  lead.  This  test  finds  appli- 
cation in  any  of  the  ordinary  systems  of  qualitative  analysis.  If  the 
metals  of  the  ammonium  hydroxide  group  are  separated  from  each  other 
by  the  use  of  sodium  peroxide  or  sodium  hydroxide  and  hydrogen  per- 
oxide, the  manganese  which  precipitates  in  this  group  will  remain  with 
the  ferric  hydroxide.  If  no  cobalt  or  nickel  is  present,  the  ferric  hy- 
droxide precipitate  may  be  tested  for  manganese  by  washing  it  and 
pouring  a  small .  quantity  of  the  reagent  over  it.  The  filtrate  will  have 
a  deep  reddish  purple  color,  if  manganese  is  present.  The  original  am- 
monium hydroxide  precipitate  may  be  tested  for  manganese  by  washing 

*  Ber.,  39,  2555. 
'  IbitL,  39,  940-68. 
'  Awh  Chem,  J,,  39,  96. 
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it  thoroughly  and  allowing  it  to  stand  with  free  access  of  air  for  several 
minutes,  then  adding  the  reagent  to  a  portion  of  the  precipitate.  Cobalt 
and  nickel  do  not  interfere.  In  the  ammonium  sulfide  group,  the  man- 
ganese sulfide  may  be  dissolved  in  cold,  dUute  hydrochloric  add,  the 
hydrogen  sulfide  boiled  out,  and  manganese  separated  from  zinc  by  the 
use  of  sodium  hydroxide  and  bromine  water.  The  precipitate  of  man- 
ganese dioxide^  should  be  thoroughly  washed  and  if  cobalt  and  nickel 
are  absent,  the  solution  of  the  organic  reagent  may  be  poured  over  it. 
If  cobalt  or  nickel  is  present,  the  precipitate  should  be  dissolved  in  hydro- 
chloric acid  with  the  addition  of  peroxide,  if  desired,  and  the  manganese 
separated  by  the  action  of  ammonium  hydroxide  and  hydrogen  peroxide. 
The  resulting  precipitate  is  washed  and  tested  with  the  reagent.  Another 
way  of  canying  out  the  test  is  to  boil  out  the  hydrogen  sulfide  from  the 
hydrochloric  add  solution  of  manganese  sulfide,  then  add  sodium  hy- 
droxide in  excess,  filter,  wash  thoroughly,  let  stand  a  few  moments  and 
add  the  reagent.  A  rapid  test  for  manganese,  which  may  be  used  upon 
a  solution  containing  all  of  the  ordinary  metals,  consists  in  boiling  the 
addified  solution  to  remove  dilorine  or  other  halogen,  then  adding  sodium 
hydroxide  in  excess,  filtering  the  predpitated  hydroxides,  washing, 
allowing  to  stand  about  ten  minutes  and  then  adding  the  reagent.  Lead, 
cobalt,  nickd  and  other  dements  give  no  colorations. 

Use  of  Reagent  as  a  Test  for  Gold. — No  mention  has  ever  been  made  of 
the  action  of  this  reagent  upon  salts  of  gold.  With  very  dilute  solu- 
tions of  gold  chloride,  the  reagent  gives  a  very  beautiful  purple  color, 
due  to  the  oxidizing  action  of  the  gold  salt;  this  soon  changes  to  blue 
and  then  becomes  colorless.  The  blue  color  reappears  upon  warming. 
With  more  concentrated  solutions  the  color  is  purple  by  transmitted 
light  and  bluish  to  green  by  reflected  light.  It  was  found  by  working 
with  very  dilute  solutions  that  this  reagent  affords  a  very  ddicate  test 
for  gold,  not  interfered  with  by  platinum,  palladium,  or  other  dements. 
The  color  is  very  much  more  distinct  than  "purple  of  Cassius."  Free 
mineral  add  interferes  with  tiie  reaction.  Solutions  should  be  neutral- 
ized and  made  slightiy  acid  with  acetic  or  citric  add.  To  determin 
the  delicacy  of  the  test,  a  gold  solution  was  made  up  by  dissolving  20  mg. 
of  metallic  gold  in  nitrohydrochloric  acid.  This  was  evaporated  to  re- 
move chlorine,  neutralized  with  sodium  carbonate  and  made  slightiy 
add  with  acetic  add.  The  solution  was  then  diluted  to  one  liter.  Por- 
tions of  this  solution  were  diluted  to  50  cc.  and  tested  with  the  reagent. 
The  following  table  gives  the  results: 


Att  toltttloii. 

Cc. 

Grams  of  sold. 

Result. 

25 

0.0005 

Very  fine  purple  color. 

5 

O.OOOI 

Good  blue  color. 

X 

0.00002 

Plainly  visible  light  blue. 

0.5 

o.oooox 

Barely  visible  light  blue. 
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Tbe  delicacy  of  the  test  in  a  solution  containing  nothing  but  gold  is  o.oi 
mg.  per  50  cc. 

Use  as  a  Test  for  Ammonia. — ^The  test  for  ammonia  makes  use  of  the 
fact  that  hydrogen  peroxide  has  no  action  upon  a  solution  of  a  man- 
ganous  salt  unless  an  alkali  is  present.     In  the  presence  of  even  a  trace 
of  alkali  the  peroxide  instantly  oxidizes  the  manganese  to  a  brown  higher 
Qside.    The  test  is  carried  out  by  heating  the  solution  supposed  to  con- 
tah  the   ammonium  salt  with  sodium  hydroxide    in    an    Erlenmeyer 
b^  fitted  with  a  rubber  stopper  through  which  passes  a  short  glass  tube 
bent  at  right  angles.    A  piece  of  filter  paper  is  moistened  with  a  solu- 
tkm  made  up  by  dissolving  2  grams  of  manganous  sulfate  in  200  cc.  of 
vater  and  adding  5  cc.  of  the  ordinary  laboratory  hydrogen  peroxide 
a^ution.     This  filter  paper  is  held  directly  in  front  of  the  tube  through 
«iiich  the  steam  and  ammonia  are  passing.     If  ammonia  is  present  in 
any  quantity  a  brown  stam  will  appear  upon  the  paper.    This  stam  may 
be  moistened  with  a  drop  of  the  organic  reagent,  and  a  deep  purple  color 
vill  appear.     The  excess  of  hydrogen  peroxide  present  has  no  effect 
npon  the  test.     With  exceedingly  small  quantities  of  ammonia,  no  brown 
stain  will  be  formed,  but  a  purple  stain  will  readily  be  obtained  upon 
adding  the  reagent.    Steam  itself  has  no  action  if  manganous  sulfate 
is  used.     If  manganous  acetate  is  used,  very  slight  purple  stains  may  form 
even  when  no  ammonia  is  present.    To  test  the  delicacy  of  this  test,  a 
solution  of  ammonium  chloride  was  made  up  containing  63  mg.  of  am- 
iKKmium  chloride  per  liter,  which  would  be  equivalent  to  20  mg.  of  am- 
monia per  liter.    The  following  table  gives  the  results  obtained : 


KWUCk  aoitttion. 

Cc 

Gmns  NHa. 

Result. 

25 

0.0005 

Very  distinct  brown  color.  Very 
brilliant  purple  stain. 

5 

O.OOOI 

purple  stain. 

2.5 

0.00005 

Faintly  visible  brown  color.    Good 

purple  stain. 

I 

O.OOCXM 

No  visible  brown  stain.  Distinct 
purple  spot. 

i                                  0.5 

o.ooooi 

Sli^t  bluish  spot. 

1                     Steam  alone 

No  coloration. 

It  is  possible  then  by  this  method  to  easUy  detect  0.02  mg.  of  NH^ 
and  by  carrying  out  carefully  to  be  able  to  detect  o.oi  mg. 


OmacAi'  I^ABOKATOKT.  UmTsumr  of  Mzcbioan, 

Ann  Axbor,  Mich. 
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The  investigation  here  reported  embraces  the  electrochemical  oxida- 
tion of  hydrazine  carbonate,  and  of  the  two  halogen  compounds  of  hydra- 
zine, the  chloride  and  bromide,  as  obtained  under  various  conditions 
of  electrolysis.  The  original  plain  of  the  work  included  also  the  study 
of  the  oxidation  of  hydrazine  iodide.  The  results  obtained  with  the 
other  two  halogen  compounds  of  hydrazine,  however,  made  the  pro- 
posed electrolysis  of  the  iodide  appear  of  doubtful  profit. 

In  connection  with  his  study  of  the  electrolysis  of  the  hydronitrogens, 
Szarvasy'  observed  the  behavior  of  hydrazine  hydroxide,  sulfate  and 
chloride.  He  found  that  under  the  conditions  which  were  obtained 
during  his  experiments  there  was  no  evidence  of  the  formation  of  oxida- 
tion or  reduction  products  of  hydrazine  other  than  nitrogen  and  hydro- 
gen, respectively,  and  that  these  products  were  evolved  at  the  anode  and 
cathode,  respectively,  in  the  ratio  of  i  :  2.  This  is  obviously  the  propor- 
tion theoretically  resulting  from  the  quantitative  decomposition  of  that 
substance  into  its  elements.  In  explanation  of  the  formation  of  these 
electrode  products,  the  authority  cited  states  that  the  hydrazine  cations 
were  discharged  at  the  cathode,  there  **  reacting  with  two  molecules  of 
water,  forming  hydrazine  hydrate,  and  liberating  hydrogen."  At  the 
anode,  he  explained,  the  hydrazine  was  oxidized.  The  presumption  is 
that  the  hydrogen  of  the  hydrazine  molecule  was  taken  up  by  the  libera- 
ted oxidizing  agent  at  the  anode  and  that  nitrogen  was  evolved.  Where 
the  hydroxide  or  the  sulfate  was  dectrolyzed,  the  oxidizing  agent  evolved 
at  the  anode  was  presumably  oxygen,  and  where  the  chloride  was  dec- 
trolyzed, the  oxidizing  agent  was  free  chlorine.  The  products  of  oxida- 
tion were  then,  in  the  first  two  cases,  nitrogen  and  water,  and  in  the  third 
case,  nitrogen  and  hydrochloric  acid. 

The  condition  of  the  solution  employed  with  respect  to  its  aridity  or 
neutrality  is  not  mentioned,  nor  can  one  infer,  except  in  the  case  of  the 
solution  of  the  hydroxide,  what  that  condition  was,  as  either  the  neu- 
tral or  mono-arid,  or  the  aridic,  or  di-arid,  salt  may  have  been  employed. 

In  the  belief  that  a  wider  variation  in  conditions  of  electrolysis,  tiie  con- 
ditions at  the  anode  being  made  to  simulate  oxidizing  agents  of  varying 
activity  or  intensity,  would  yield  oxidation  products  other  than  nitro- 
gen and  water,  one  of  us'  electrolyzed  hydrazine  sulfate  in  solutions  of 
varying  degrees  of  acidity,  with  the  current  density  at  the  anode  vary- 

^  Prom  the  thesis  of  Willis  A.  Gibbons  presented  to  the  Faculty  of  Wesleyan 
University  in  partidl  fulfilment  of  the  requirements  for  the  M.A.  degree. 

•  /.  Chem.  Sac.,  1900,  603.  '. .  . 

•  Turrentine,  Am.  Chem.  Soc.,  Proc.,  New  Haven,  July,  1908. 
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iog  between  very  high  and  very  low  values,  and  the  temperature  varying 
between  the  boiling  point  of  the  solution  and  zero  degrees.  The  anode 
reactions  were  followed,  not  through  observing  the  ratio  of  the  volumes 
ci  gas  evolved  at  the  anode  and  cathode,  respectively,  but  rather  by 
examining  the  solution,  and  the  vapors  coming  therefrom,  for  hydro- 
nitric  add. 

In  these  experiments  no  hydronitric  add  was  obtained  at  any  tempera- 
ture during  the  dectrolysis  with  cturents  giving  low  current  densities 
at  the  anode,  nor  at  high  temperatures  with  high  current  densities  at  the 
anode.  However,  with  high  current  density  and  low  temperature,  and 
with  saturated  solutions  of  the  sulfate  of  hydrazine,  strongly  addified 
with  sulfuric  add,  there  was  an  abundant  evolution  of  hydronitric  add 
observable  on  distillation. 

The  conditions  prevailing  during  these  experiments,  together  with  the 
results  obtained,  justified  the  belief  that  the  dectrochemical  oxidation 
of  hydrazine  here  obtained  was  a  secondary  oxidation,  rather  than  a 
primary.  Under  conditions  of  low  temperature  and  high  current  den- 
sity, the  dectrolysis  of  solutions  of  high  concentration  in  the  sulfate 
ion  leads  to  the  production  of  the  persulfate  ion.  The  latter  is  capable 
of  oxidizing  hydrazine  to  hydronitric  add.^ 

The  oxidation  of  hydrazine  by  chemical  means  has  been  shown  to 
yidd  only  nitrogen  and  water,'  or  in  addition  to  these,  ammonia  or  am- 
monia and  hydronitric  add,'  depending  on  the  nature  of  the  oxidizing 
agent. 

Browne  and  Shetterly^  have  made  an  elaborate  study  of  the  chemical 
oxidation  of  hydrazine,  using  a  variety  of  oxidizing  agents  and  deter- 
mining the  nature  and  amounts  of  the  oxidation  products  obtainable 
with  each.  The  results  obtained  by  these  investigators  have  enabled 
them  to  effect  a  dassification  of  the  various  oxidizing  agents  studied 
into  three  groups:  (a)  Those  "oxidizing  agents  such  as  hydrogen  per- 
oxide, potassium  chlorate,  and  potassium  persulfate  [whidi]  decompose 
hydrazine  sulfate  in  add  solution,  yidding  varying  amounts  of  some 
such' intermediate  condensation  product  as  'Buzylene,'  HN  :  N.NH.NH,, 
or  'aminotriimide,'  which  in  turn  decomposes  with  formation  of  hydro- 
nitric add  and  ammonia."  The  two  stages  of  this  reaction  may  be  repre- 
sented by  the  two  equations: 

2N;H4  +  20  -  N^H^  +  2H,0. 
N,H^  «  HN,  +  NH3. 

^  Browne  and  Shetterly,  This  Journai^,  31,  321  (1909). 

'Rimini,  Gazz.  chim.  UaL,  29,  I,  265  (1899);  AtU.  accad.  Lincei  Rama,  [5]  15^ 
n^  320;  Chem.  ZetUr,t  1906,  II,  1662.  Browne  and  Shetterly,  Tms  Journal^  3O1  53 
(1908). 

*.Browpe  find  Shetterly,  Loc.  cit.,  etal^ 
"^TkteJ(Jemiii;;29,i365a9O7);30,53(i9o8);3X|22r(i^^^^^      *  - 
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(6)  Those  ''oxidizing  agents,  t3rpified  by  potassium  permanganate,  man- 
ganese dioxide,  and  ferric  oxide  [which],  decompose  hydrazine  sulfate  in 
acid  solution  yielding  varying  amounts  of  some  such  intermediate  con- 
densation product  as  *tetrazone,'  H^N.N  :  N.NHj,  which  breaks  up 
under  the  conditions  of  the  experiment  with  the  formation  of  nitrogen 
and  ammonia.*'  The  following  equations  are  offered  to  represent  these 
reactions: 

2N3H,  +  20  =  N4H,  +  2H,0. 
N4H,  +  H,0  =  2NH3  +  N,  +  O. 
(c)  Those  "oxidizing  agents,  as  for  example  potassium  iodate,  mercuric 
oxide,  and  mercuric  chloride  [which],  decompose  hydrazine  sulfate  in 
acid  solution  at  a  temperature  of  100 '^  apparently  without  formation  of 
intermediate  condensation  products."  The  reactions  of  this  class  of 
oxidizing  agents  may  be  represented  by  the  equation 

NjH^  +  20=  2H,0  +  N,. 
An  additional  conclusion  resulting  from  this  investigation  is  quoted: 
"  In  general,  it  may  be  said  that  the  progress  of  the  reaction  in  any  case 
is  very  largely  influenced  by  the  temperature,  by  the  concentration  of  the 
hydrazine,  of  the  sulfuric  add  or  the  alkali,  and  of  the  oxidizing  agent, 
by  the  potential  of  the  oxidizing  agent,  and  by  the  methods  adopted  in 
bringing  the  substances  together."  The  interesting  observation  is  made 
that  the  production  of  NHg  and  HN,  by  the  oxidation  of  N,H4  by  the 
halogen  compounds  conforms  with  the  periodic  arrangement  of  the  halo- 
gens in  the  particular,  that,  with  the  increasing  atomic  weight  of  the 
halogens,  the  yield  of  these  oxidation  products  decreases.  Thus  chlorates 
yield  ammonia  and  hydrochloric  acid,  while  bromates  yield  less  of  them, 
and  iodates,  none  at  all. 

In  the  light  of  the  results  obtained  in  the  electrochemical  oxidation 
of  the  sulfate  of  hydrazine,  and  in  the  chemical  oxidation  of  this  com- 
pound, it  did  not  appear  improbable  that  an  electrochemical  oxidation 
of  the  halides  and  of  other  compounds  of  hydrazine  could  be  effected 
in  which  an  oxidation  simulating  that  of  the  first  or  second  class  of  oxid- 
izing agents  could  be  produced.  In  case  a  direct  electrochemical  oxida- 
tion could  not  be  induced  which  would  simulate  the  oxidizing  agents  of 
the  first  or  second  class,  it  was  deemed  probable  that  an  indirect  electro- 
chemical oxidation  could  be  brought  about  through  the  formation  of 
anode  products  which  would  act  as  oxidizing  agents  of  the  desired  class. 
This  possibility  was  probably  realized  in  the  electrochemical  oxidation 
of  hydrazine  sulfate.  The  experiments  of  Szarvasy  would  indicate 
that  the  oxidizing  influences  existing  at  the  anode  under  the  conditions 
of  his  experiments  analogized  an  oxidizing  agent  of  the  third  dass.  These 
influences,  under  suitable  control,  should  lead  to  the  formation  of  oxid- 
jov:^  Bgmts  of  any  ome  of  tiie  threse  da^^s  which  ^btiM  r^tt  sub^e* 
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quently,  though  perhaps  practically  simultaneously,  with  the  hydrazine 
ioo. 

The  investigation  of  the  chemical  oxidation  of  hydrazine  has  shown 
that  while  an  oxidizing  agent  applied  under  one  set  of  conditions  acts 
as  a  member  of  one  class,  when  applied  under  entirely  different  conditions 
it  may  act  as  a  member  of  a  different  class.    It  does  not  follow,  then, 
hmi  this  consideration  that  because  the  electrochemical  oxidation  un- 
der one  set  of  conditions  may  be  classified  with  the  third  group  of  oxid- 
iang  agents,  that  obtained  under  entirely  different  conditions  may  not 
act  as  a  member  of  one  of  the  other  groups  of  oxidizing  agents. 
To  produce  those  conditions  electrochemically  simulating  a  decrease 
in  the  active  mass  of  a  chemical  oxidizing  agent,  the  current  density  at 
the  anode  should  be  decreased.    The  relative  active  mass  of  this  agent, 
90  to  speak,  may  be  still  further  decreased  by  increasing  the  active  mass 
of  the  reducing  agent  with  which  it  is  to  react.    This  may  be  accom- 
plished by  stirring  the  solution  undergoing  electrolysis,  best  by  rotating  the 
anode.    While,  of  course,  this  procedure  does  not  increase  in  the  solution 
the  actual  concentration  of  the  substance  undergoing  oxidation,  it  does 
very  greatly  increase  its  concentration  within  the  zone  of  oxidation  in 
the  immediate  neighborhood  of  the  anode. 

The  "potential"  of  the  oxidizing  agent  at  the  anode  can  be  influenced 
probably  only  by  yar3ring  the  electrolyte,  or  the  relative  concentrations 
of  the  several  electrolytes  present — as  by  increasing  or  decreasing  the 
itiative  concentrations  of  the  different  anions. 

Temperature  may  be  controlled  with  ease  within  certain  limits.  With 
inoeasing  current  densities,  however,  it  is  increasingly  difficult  to  pre- 
vent a  rise  in  temperature  in  the  immediate  proximity  of  the  electrode 
and  in  the  entire  solution.  Thus,  by  electrochemical  means  we  are  able  to 
^'aiy  the  temperature,  the  concentration  of  the  hydrazine  (the  substance 
undergoing  oxidation),  the  acidity  or  alkalinity  of  the  solution  tmder- 
^nng  electrolysis,  the  intensity  of  the  oxidation  influences  at  the  anode 
amtilating  the  oxidizing  agents,  and,  within  limits,  also  their  *'poten- 
tiaL" 

The  Electrochemical  Oxidation  of  Hydrazine  Carbonate. 

Constan  and  Hansen^  prepared  percarbonate  by  electrolyzing  a  satu- 
lated  solution  of  potassium  carbonate  at  low  temperatures  and  with  a  cur- 
rent yielding  a  high  current  density  at  the  anode.  The  electrochemical 
oadation  is  probably  analogous  to  that  whereby  persulfate  is  prepared 
fiom  sulfate.  Percarbonates  have  been  shown  to  decompose  in  water 
solution  with  the  formation  of  hydrogen  peroxide  and  the  primary  car- 
Inmate.  It  was  deemed  possible  that  by  the  electrolysis  of  a  sattu'ated 
soiution  of  hydrazine  carbonate  at  low  temperatures  and  high  current 

'  Z,  EUBVOckem.,  $,  137  (xSg^);  3>  44$  (s9^)- 
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densities,  hydrazine  percarbonate,  a  substance  hitherto  unprepared, 
might  be  formed.  While  it  was  not  expected  that  the  compotmd  would 
be  sufficiently  stable  to  permit  of  its  being  recovered  in  the  form  of  a  solid, 
its  formation  in  solution,  it  was  thought,  might  be  accomplished  in  a  man- 
ner similar  to  that  in  which  hydrazine  persulf  ate  was  prepared  by  electro- 
chemical oxidation. 

The  existence  of  conditions  at  the  anode  favorable  to  the  formation 
of  percarbonate  of  hydrazine  would  have  been  evidenced  by  an  evolu- 
tion of  oxygen  there,  as  such  an  evolution  would  have  shown  that  the 
hydrazine  was  not  imdergoing  quantitative  oxidation.  Or  the  evolution 
of  gas  there  in  amounts  less  than  that  called  for  by  the  theoretical,  quan- 
titative oxidation  of  the  hydrazine  to  nitrogen  and  water,  should  have 
indicated  the  possible  formation  of  percarbonate.  This  volume  of  nitro^ 
gen  arising  from  the  oxidation  of  hydrazine  to  nitrogen  and  water  should 
equal  the  volume  of  oxygen  consumed  in  that  oxidation,  as  is  evident 
from  the  equation 

N,H,  +  20  =  Nj  +  2H,0. 

The  volume  of  anode  gases,  then,  should  have  equaled  one-half  of  the 
cathode  gases.  Furthermore,  the  presence  of  percarbonate  should  have 
led  to  the  fonnation  of  hydrogen  peroxide,  which,  being  an  oxidizing 
agent  of  the  first  order,  should  have  produced  ammonia  and  hydronitric 
add  from  its  action  on  the  hydrazine.  Evidence  of  the  oxidation  of 
hydrazme  carbonate  to  percarbonate  could  have  been  gotten,  then,  both 
from  the  ratio  of  the  anode  to  the  cathode  gases,  and  from  the  products 
obtained  on  distillation  of  the  h^ndrazine  carbonate  under  the  proper  con- 
ditions. Doubtless  the  NJEIg"*"  (or  NjHe"*"**)  cation  is  more  easily  oxidized 
than  is  the  COj —  anion.  However,  one  might  rely  on  the  migratory 
tendencies  of  the  cation  cathode-ward  to  remove  it  from  the  region  of 
primary  oxidation  immediately  surrounding  the  anode. 

Experimental. 

A  solution  of  hydrazine  carbonate  was  prepared  by  treating  hydrazine 
sulfate,  in  saturated  solution,  with  more  than  the  equivalent  amount  of 
barium  hydroxide,  also  in  saturated  solution.  Carbon  dioxide  was  then 
passed  to  saturation  and  the  precipitate  of  barium  sulfate  and  carbonate 
was  filtered  off.  The  resulting  solution  was  evaporated  over  a  low 
fiame  to  a  thick  S3rrup.  Curtius*  prepared  the  carbonate  of  hydrazine 
by  evaporating  the  aqueous  solution  of  the  carbonate  in  vacuo  and  like- 
wise obtained  a  syrup,  which  he  described  as  caustic.  One  of  us,  by 
carrying  the  evaporation  still  further,  obtained  a  solid  which  was  resin- 
ous or  varnish-like. 

The  electrolytic  cell  consisted  in  a  cylindrical  glass  vessel  2.5  cm.  in 
diameter  and  6.5  cm.  deep.  .  This  was  provided  with  a  tightly  fitting 
*  Curtius  and  Jay,  /.  prakt,  Chem,,  [a]  39,  -27.  .  .  ,     . 
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two-hokd  Stopper,  through  which  capillary  tubes  were  inserted.  The 
jdatinum  wires  which  were  to  constitute  the  electrodes  were  sealed  through 
the  walls  of  the  capillary  tubes  and  entered  the  cell  through  them.  To 
one  capillary  tube  was  sealed  a  section  of  glass  tubing,  2.5  cm.  long  and 
0.5  cm.  in  diameter,  which  constituted  the  cathode  compartment  The 
eod  of  the  other  capillary  tube  was  flush  with  the  lower  surface  of  the 
st9pper.  The  platinum  wire  which  entered  through  it  encircled  the 
cathode  compartment  and  constituted  the  anode.  The  capillary  tubes 
lere  joined  to  Hempd  gas  burettes.  The  cell  was  connected  in  series 
vith  an  oxy-hydrogen  gas  coulometer  and  an  ammeter. 

The  cell  was  filled  to  a  suitable  depth  with  the  S3rrupy  hydrazine  car- 
booate  and  under  it  was  then  placed  a  Dewar  beaker  containing  a  mix- 
toe  of  solid  carbon  dioxide  and  alcohol.  The  temperature  of  the  bath 
vas  maintained  at  — 25°-3o°.  The  electrolysis,  e£Fected  by  a  current 
d  1-1.5  amp-  hi  strength,  was  conducted  for  several  minutes  in  order 
that  the  evolved  gases  might  displace  the  air  in  the  cell  and  tubes.  A 
stronger  current  was  deemed  prohibitive  because  of  the  difficulties  of 
perfect  refrigeration.  The  electrode  gases  were  collected  and  analyzed 
and  their  volumes  compared  with  one  another  and  with  those  obtained 
horn  the  coulometer. 

Numerous  experimental  difficulties  were  encountered,  among  which 
were  those  incidental  to  the  frothing  of  the  viscous  electrolyte  and  the 
difficulty  of  equalizing  the  gas  pressures  in  the  two  electrode  compart- 
ments. The  results  obtained  from  the  comparison  of  gas  volumes  alone 
showed  conclusively  that  the  oxidation  at  the  anode  was  of  the  hydrazine, 
exclusively,  and  not  of  the  carbonate,  ions,  unless,  indeed,  the  per- 
cartxmate  was  formed  but  then  reacted  quantitatively  with  the  hydra- 
zine.   Only  nitrogen,  with  perhaps  a  trace  of  oxygen,  was  evolved  there. 

The  Electrochemical  Oxidation  of  the  Neutral  Hydrazine  Chloride. 

Hydrazine  dihydrochloride  was  prepared  in  solution  by  treating  a  known 
amount  of  hydrazine  sulfate  in  hot,  sattu-ated  solution,  with  an  equiva- 
lent amount  of  barium  chloride,  also  in  hot,  saturated  solution.  The 
barium  sulfate  formed  was  removed  by  filtration.  The  filtrate,  after 
having  been  tested  to  show  its  freedom  from  both  barium  and  sulfate 
ions,  was  neutralized  with  sodium  hydroxide.  A  portion  of  this  solu- 
tion was  diluted  to  an  approximately  two  per  cent,  concentration,  cal- 
culated on  the  basis  of  the  neutral,  or  monohydrochloride  of  hydrazine. 
The  value  of  this  solution  in  hydrazine  was  then  determined  accurately 
by  analysis  of  portions  of  it  by  the  method  of  Rimini.^ 

The  apparatus  employed  was  simple  and  consisted  of  an  electrolytic 
cdl,  constructed  of  a  tall,  narrow  beaker,  of  200  cc.  capacity.  The 
cathode  consisted  of  a  short  section  of  platinum  wire.  This  was  immersed 
*  KmunL  Loc.  cii. 
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to  a  depth  of  something  over  a  centimeter,  thus  affording  a  very  small 
active  surface,  in  order  that  the  reduction  there  might  be  reduced  to  a 
mtTiiTmim.  In  those  experiments  where  the  anode  was  held  stationary, 
a  piece  of  platinum  foil  constituted  that  electrode.  This  was  suspended 
in  the  solution  and  was  supported  on  the  edge  of  the  beaker.  Its  prox- 
imity to  the  cell  wall  made  it  probable  that  only  one  face  of  it  was  suffi- 
ciently active  to  be  considered  in  computing  ciurent  density.  Where  the 
anode  was  rotated,  a  circular  disc  of  platinum  gauze  was  employed.  This 
was  4  cm.  in  diameter  and  was  supported  by  a  thick  wire  of  the  same 
material  fastened  perpendicularly  to  its  center.  By  means  of  this  stem 
the  anode  was  suspended  in  the  solution  from  the  vertical  axis  of  a  small 
electric  motor. 

The  procedure  in  general  consisted  in  the  electrolysis  of  a  known  vol- 
ume of  the  analyzed  solution  of  hydrazine  hydrochloride  for  such  a  length 
of  time  as  would  afford  an  oxidation  of  a  suitable  proportion  of  the  hydra- 
zine present.  The  length  of  time  required  then  depended  on  the  current 
density.  The  course  of  the  oxidation  at  the  anode  was  followed,  as  in 
the  case  of  the  sulfate,  by  observing  the  ammonia  and  the  hydronitric 
acid  formed,  rather  than  by  determining  the  nature  and  the  ratio  of  the 
gases  evolved  at  the  respective  poles.  Justification  for  this  procedure 
lay  in  the  fact  that  it  was  less  laborious  and  required  much  less  compli- 
cation of  apparatus,  and  that  the  only  stable  oxidation  products  of  hydra- 
zine, with  the  exception  of  nitrogen  and  water,  the  more  common  prod- 
ucts, are  ammonia  and  hydronitric  acid.  The  formation  of  these,  we  have 
seen,  may  be  accounted  for  on  the  supposition  that  other  h3rpothetical 
oxidation  products  are  formed  which,  because  of  their  lack  of  stability, 
break  down  into  these  products.  Thus,  both  fact  and  h3rpothesis  may 
be  construed  to  support  this  procedure. 

At  the  completion  of  the  electrolysis,  the  solution  was  removed  from 
the  cell  and,  in  cases  where  its  volume  had  been  changed  by  evaporation, 
it  was  diluted  to  its  original  volume.  It  was  then  analyzed  in  aliquot 
portions  and  the  decrease  in  value  in  hydrazine  was  noted. 

A  measured  volume  of  the  electrolyzed  solution  was  transferred  to  a 
distilling  flask,  lo  cc.  of  concentrated  sulfuric  acid  were  added  through  a 
dropping  funnel,  and  the  solution  was  distilled  to  a  volume  of  about  lo 
cc.  The  distillate  and  the  uncondensed  gases  were  led  by  means  of  an 
adapter  into  a  solution  of  silver  nitrate  containing  sodium  acetate  to 
decrease  the  formation  of  free  nitric  add. 

The  precipitate  found  in  the  receiver  (AgQ  and  AgNj)  was  filtered  on 
a  tared  Gooch  filter,  was  washed,  dried  at  105°,  weighed  and  its  weight 
noted.  It  was  then  washed  with  hot  nitric  add,  containing  one  part 
of  concentrated  nitric  add  to  four  parts  of  water,  to  dissolve  out  any 

^  Dennis  and  Isham,  Tms  JotJitNAL,  29,  x8  (1907)- 
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sflver  trimtride  present*  After  again  washing  and  drying,  the  precipi- 
tate was  reweighed  and  any  loss  in  weight,  representing  AgNg,  was  noted. 
As  a  further  check  on  this  observation,  the  nitric  acid  solution  which  had 
passed  through  the  precipitate  was  tested  with  hydrochloric  add  for 
the  presence  of  the  Ag^**  ion. 

Other  portions  of  the  solution  were  acidified  with  sulfuric  add  and 
treated  with  potassium  iodate  in  suffident  amount  to  oxidize  com- 
pietdy  any  hydrazine  remaining  therein.  This  oxidizing  agent  has  been 
skyomn  to  yield  no  ammonia  when  employed  in  this  way.  The  solution 
vas  then  distilled  for  ammonia  in  the  usual  way  and  the  evolved  ammonia 
was  caught  in  a  known  volume  of  standard  add.  The  theoretical  yidd 
of  ammonia  was  based  on  the  equation,  proposed  by  Browne  and  Shet- 
tcdy  to  represent  the  oxidation  of  hydrazine  to  ammonia  and  hydro- 
nitric  acid, 

2N,H4  +  2O  -  HN,  +  NH,  +  2H,0.» 

In  calculating  the  yidd,  only  that  hydrazine  was  considered  which  the 
analysis  subsequent  to  the  dectrolysb  showed  had  been  oxidized.  In 
tlie  fc^owing  paragraphs  are  given  briefly  the  more  important  experi- 
mental details.  The  condition  of  dectrolysis  designated  by  ''low  tem- 
pcratare"  may  be  taken  to  mean  o^-io^,  and  by  *'high  temperature," 
50^-60^. '  Current  density  at  the  anode  (a.  c.  d.)  is  expressed  in  amperes 
per  square  centimeter. 

Experimental  Details. 

Experimeni  j.^-CondUions:  Lew  temp.,  low  c,  d.,  stationary  anode.  Vol.  of  soln., 
175  oc.;  time,  6J4  hours;  current,  0.05-0.075  amp.;  a.  c.  d.,  0.003;  oxidation,  22.1 
per  cent.;  no  NH,  or  HN,  present. 

Experimeni  2.—CondUums:  Low  temp.,  low  c.  d.,  rotating  anode.  Vol.  of  soln., 
100  oc;  time,  3  hours;  current,  o.i  amp.;  oxidation,  21  per  cent;  no  NH,  or  HN, 


Experiments  j-5,  Inclusive.— Conditions:  Low  temp.,  high  c.  d.,  stationary  anode. 
VoL  of  soln.,  170  cc.;  time,  58  minutes,  40  minutes,  30  minutes,  respectively;  current, 
I  amp.;  a.  c.  d.,  0.05;  oxidation,  75  per  cent.,  66  per  cent,  65.5  per  cent,  respectively; 
no  NH,  or  HN,  present. 

Experiment  6. — ^A  solution  made  up  from  the  residues  from  the  three  preceding 
cxpcrinients  was  electrolyzed  to  the  point  of  complete  oxidation  of  the  hydrazine, 
as  evidenced  by  the  evolution  of  CI,  at  the  anode,  and  by  subsequent  tests  with  KIO, 
in  acid  sc^ticm.    Analysis  showed  the  absence  of  HN,  and  the  presence  of  traces  of 

Experiment  7. — Conditions:  Low  temp.,  high  c.  d.,  rotating  anode.  Vol.  of  soln.,  164 
cc;  time,  s'/^  hours;  current,  i-i  .5  amp.  CI,  was  being  evolved  at  the  end  of  the 
electrolysis;  however,  the  analysis  of  the  soln.  for  N^H^  showed  that  the  oxidation 
had  ^wim^nt^vi  to  only  95  per  cent.  This  observation  is  of  interest  as  indicating  that 
it  B  possible  for  NA  ^^^  ^^s  (or  hypochlorous  acid?)  to  exist  together  in  soln.,  pro- 
vided the  concentration  of  the  former  be  suffidentiy  low.    No  HN,  or  NH,  was  pres- 

'  Dennis  and  Isham,  Loc.  cit. 

'  Tbis  JouBNAL,  39»  1305  (1907),  See  p.  1310. 
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Experiment  S, — Condiiions:  High  temp,,  law  c.  d.,  stationary  anode,  VcA.  of  aoln., 
150  cc;  time,  3  hours;  current,  0.076  amp.;  oxidation,  7.1  per  cent.;  no  NH,  or  HN, 
present. 

Experiment  p. — Conditions:  High  temp,,  low  c,  d.,  rotating  anode.  Vol.  of  soln., 
160  cc;  time,  2  hours;  current,  o.i  amp.;  oxidation,  ii.i  per  cent.;  no  NH,  or  HN^ 
present. 

Experiments  10-12,  Inclusive, — Conditions:  High  temp.,  high  c.  d.,  stationary  anode. 
Vol.  of  soln.,  150  cc.  in  Experiment  10,  200  cc.  in  Experiments  11  and  12;  time,  2  hours, 
2V4  hours,  1V4  hourg,  respectively;  current,  1-1.5  amp.;  a.  c.  d.,  0.05-0.075;  oxida- 
tion, 49  per  cent.,  85.88  per  cent.,  34.36  per  cent.,  respectively;  no  HN,  present. 
Analysis  for  NH,  (25  cc.  portions):  Experiment  lo,  vol.  of  stand,  add  taken,  (a) 
25  cc,  (6)  25  cc;  stand,  alkali,  to  neutralization  point,  (a)  18.29  cc,  (6)  18.26  cc; 
vol.  of  acid  neutralized  by  NH^  (i  cc.  stand,  add  «»  i  cc  stand,  alkali),  (a)  6.71  cc, 
(6)  6.74  cc;  NH,  present,  per  cc,  (a)  0.000457  S*»  (P)  0.000458  g.;  yield  in  NH,, 
(a)  71.7  per  cent.,  (b)  71.9  per  cent.  Experiment  11,  vol.  of  stand,  acid,  (a)  26.0 
cc,  (b)  26.0  cc;  vol.  of  alkali  to  neutralization  point,  (a)  19.26  cc,  (6)  19.2  cc;  vol. 
of  add  neutralized  by  NH„  (a)  6.75  cc,  (5)  6.8  cc;  NH,  present,  per  cc,  (a)  0.0004595 
gr.,-(6)  0.000462  g.;  yield  in  NH,,  (a)  36.6  per  cent.,  (6)  36.9  per  cent.  Experiment 
12,  vol.  of  standard  add,  each  (a  and  b),  25  cc;  vol.  stand,  alkali  (average  of  two), 
30.81  cc;'  add  neutralized  by  NH„  4.19  cc;  NH,  present,  per  cc,  0.000284  g.;  yield 
in  NH„  60. 55- per  cent. 

Experiment  13.— Conditions:  Higfi  temp.,  higfi  c.  d.,  rotating  anode.  Vol.  of  sofai., 
150  cc;  time,  1^  hours;  current,  1.5  amp.;  a.  c  d.,  0.05.  An  evolution  of  CI,  was 
noticeable  at*the  end  of  the  dectrolysis.  Oxidation,  95.75  per  cent.;  no  HN, present. 
Analysis  for  NH,  (25  cc  portions):  vol.  of  stand,  add  (a)  25  cc,  (6)  25  cc;  vol.  of 
standard  alkali,  to  neutralization  point,  (a)  18.4  cc,  (6)  18.9  cc;  vol.  of  add  neutral- 
ized by  NH„  (a)  6.6  cc,  (6)  6.7  cc;  NH,  present,  per  cc,  (a)  0.000449  g.,  (6) 
0.000456  g.;  yield  in  NH,  (aver,  of  two),  30.67  per  cent. 

The  Electrochemical  Oxidation  of  the  Neutral  Hydrazine  Bromide. 

A  solution  of  hydrazine  carbonate  was  prepared  in  the  manner  already 
described.  A  water  solution  of  hydrobromic  acid  was  then  added  in  the 
requisit  amount.  The  solution  was  analyzed  for  hydrazine,  by  the 
method  of  Rimini,  and  was  then  diluted  to  a  2  per  cent,  concentration. 

The  method  of  Rimini  obviously  cannot  be  applied  to  the  analysis 
of  hydrazine  as  hydrobromide,  or  in  the  presence  of  bromide,  unless  a 
suitable  correction  be  made  for  the  reduction  of  the  iodate  by  the  bro- 
mide ion.  The  value  of  the  standard  iodate  solution  was  determined 
in  terms  of  the  bromide  ion  by  analyzing  a  solution  of  potassium  bro- 
mide of  known  content.  This  standardization  was  conducted  in  an  ex- 
actly similar  manner  to  that  prescribed  by  the  method  of  Rimini  for  the 
determination  of  hydrazine  by  iodate.  The  solution  of  hydrazine  bro- 
mide was  then  analyzed  for  the  bromide  ion  by  precipitation,  imder  suita- 
ble conditions,  with  silver  nitrate.  From  the  weight  of  the  resulting  silver 
bromide  was  calculated  the  bromide  content  of  the  hydrazine  solution, 
and,  from  that,  the  correction  which  would  have  to  be  introduced  in  the 
results  obtained  from  the  analysis  of  portions  of  the  same  solution  for 
hydrazine. 
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The  ^>paxatiis  employed  and  the  procedure  observed  in  the  electro- 
cbemkal  oxidatiQn  of  hydrazine  monohydrobromide  were  the  same  as 
those  which  have  been  described  under  the  account  of  the  parallel  experi- 
ments with  hydrazine  hydrochloride.  In  each  of  the  experiments,  de« 
taib  of  which  follow,  the  volume  of  solution  subjected  to  electrolysis 
was  200  oc. 

In  every  experiment  the  analysis  for  hydronitric  add  gave  negative 
results. 

Experimental  Details. 

ExperimerU  14. — Conditions:  Low  temp.,  low  c,  d.,  staiionary  anode.  Time,  iiK 
koBis;  cnrxent,  o.  11  amp.;  a.  c.  d.,  0.005;  oxidation,  37. i  per  cent;  no  NH,  present. 

Experiment  13. — Conditions:  Low  temp.,  low  c.  d.,  roiaiing  anode.  Time,  5  hours; 
eBtrent,  0.05  amp.  The  percentage  oxidation  in  the  experiment  was  so  slight  that 
VBf  lad  HN,  were  not  tested  for. 

Experiment  16, — Conditions:  Low  temp,;  high  c.  d,,  stationary  anode.  Time,  2 
bonis;  current,  1-1.5  amp.;  a.  c.  d.,  0.05-0.075;  oxidation,  47.3  per  cent;  no  NH, 
or  HN,  present. 

A  second  analysis  for  HNg  was  made  in  which  the  modification  was  introduced 
flf  adding  solid.  AggS04  to  the  solution  about  to  undergo  distillation  for  HN,.  The  sil- 
ver  salt  was  added  in  sufficient  amount  to  combine  with  all  the  bromide  ions  present 
tad  thus  prevent  the  distillation  of  HBr.  This  modification  was  introduced  in  order 
Aat  NHa,  by  the  formation  of  AgN,  in  the  receiver  of  the  condenser,  might  be  de- 
tected in  smaller  amounts.  When  AgaS04  was  employed,  no  precipitate  at  all  appeared 
in  the  receiving  solution,  indicating  the  absence  of  HNj. 

Experiment  ly.-^^onditions:  Low  temp.,  high  c.  d.,  rotating  anode.  Time,  3K 
horn;  cnrrent,  i  .35  amp.;  oxidation,  57.7  per  cent;  yield  in  NH„  10.4  per  cent. 

Experiment  18.— Conditions:  High  temp.,  low  c,  d.,  stationary  anode.  Current, 
o.ii  amp.;  a.  c.  d.,  0.005;  oxidation,  41.9  per  cent;  yield  in  NH„  39.8  per  cent 

Experiment  ip. — Conditions:  High  temp.,  high  c.  d.,  stationary  anode.  Current, 
1-1.5  stnip.;  a.  c.  d.  0.05-0.075;  oxidation,  66.6  per  cent;  no  NH,  present 

Experiment  20.''-Conditions:  High  temp.,  high  c,  d.,  rotating  anode.  Time,  sK 
Imrs;  current,  ^-1.5  amp.;  oxidation,  68  per  cent;  yield  in  NH„  9.1  per  cent 

Discussion  of  Results. 

A  survey  of  the  results  obtained  from  the  electrochemical  oxidation 
of  hydrazine  hydrochloride  shows  (a)  that  no  hydronitric  add  is  ob- 
tained from  any  solution,  whatever  the  conditions  may  have  been  tmder 
wfaidi  the  oxidation  was  effected;  (6)  that  only  nitrogen  and  water  (or 
hydrochloric  acid)  are  obtained  at  low  temperatures,  and  at  low  current 
densities,  whatever  the  other  conditions  may  have  been;  and  (c)  that 
oniy  the  combination  of  high  temperature  and  high  current  density  lead 
to  the  formation  of  ammonia;  under  these  conditions  a  very  satisfactory 
yield' is  obtained.  The  rotation  of  the  electrode,  under  the  conditions 
of  current  density  observed  in  these  experiments,  appeared  to  have  but 
Ktde,  if  any,  effect.  It  may  be  remarked  that  the  evolution  of  gas  from 
the  electrode  itself  effects  pretty  efficient  stirring. 

There  is  no  drcumstance  in  Expts.  i-8  which  would  encourage  the  be- 
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lief  that  the  oxidation  of  hydrazine  dectrochemically  to  ammonia  is  a 
matter  of  "potential"  of  the  oxidizing  agent,  or  of  the  rate  at  which 
the  oxidizing  agent,  or  influence,  is  administered  to  the  hydrazine. 
Whether  the  potential  of  the  oxidizing  influence  at  the  anode  changes 
or  not  is  a  matter  of  conjecture.  While  the  solution  undergoes  a  change 
from  neutrality  to  acidity,  it  is  probable  that  the  solution  in  immediate 
contact  with  the  anode  is  always  acid.  A  state  of  acidity  would  result 
there  whether  the  reaction  be  an  oxidation  of  the  nature  represented 
by  the  equation 

N3H4  +  2O  =  N,  +  2H,0 
or  a  "chloridation"  of  that,  represented  by  the  equation 

N,H,  +  4CI  =  N2  +  4HCI, 

as  both  reactions  remove  the  base.  And  it  is  doubtful  if  the  most  e£S- 
cient  stirring  obtainable  experimentally  would  reduce  this  condition 
to  zero.  These  considerations  would  rather  discount  the  idea  of  a  change 
of  potential.  If  the  change  in  temperature  effected  a  change  in  potential, 
this  should  have  been  evidenced  in  Expts.  9  and  10,  unless  the  oxidizing 
agent  at  this  potential  requires  in  addition  a  certain  active  mass,  pro- 
duced at  high  current  density,  to  oxidize  hydrazine  to  ammonia  and  hydro- 
nitric  acid,  realized  in  Expts.  11-14. 

An  accumulation  of  h3rpochlorite  ions  in  the  neighborhood  of  the  anode 
would  lead  to  the  evolution  of  oxygen  there  with  a  lowering  of  anode  poten- 
tial. A  high  current  density  and  a  low  temperature  would  be  favorable 
to  this  condition.  Such  a  change,  if  occurring,  produced  no  result  differ- 
ent from  that  realized  in  other  experiments  where  such  a  condition  was 
less  probable. 

The  high  current  density  in  Expts.  9  and  10  is  only  relatively  high, 
being  limited  by  the  increasing  difficulty  of  refrigeration  by  ordinary  re- 
frigerants, and  a  much  higher  current  density  might  have  resulted  in  pro- 
ducing other  oxidation  products.  Expts.  i~io,  inclusive,  would  indi- 
cate that  a  rise  in  temperature  is  not  able  to  change  the  order  of  the  oxi- 
dation tmder  the  set  of  conditions  observed.  Why  a  still  higher  temper- 
ature was  not  maintamed  will  become  apparent  later.  There  is,  then, 
but  little  evidence  to  support  the  supposition  that  the  change  in  oxida- 
tion products  is  effected  through  a  change  in  potential  of,  or  in  the  rate 
of  production  of  the  oxidizing  agents  at  the  anode,  or  in  the  temperature 
at  which  they  are  produced.  An  explanation  is  obtainable,  however, 
from  the  consideration  of  the  secondary  reactions  which  occur  in  general 
at  the  anode  when  chlorides  are  electrolyzed.*    Hypochlorite,  stable  at 

'  A  supposition  that  the  N^5+  ion  undergoes  a  further  dissociation  yielding  an 
anion  in  which  nitrogen  exists  alone  is  not  here  advanced,  although  it  is  strongly  sug- 
gested by  the  extreme  readiness  with  which  nitrogen  is  evolved  from  solutions  con- 
taining this  ion.    Such  a  dissociation  would  be  analogous  to  that  attributed  to  the 
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low  temperatures,  results  when  neutral  or  slightly  add  solutions  of  chlo- 
rides are  electrolyzed.     Its  formation  may  result  through  the  interaction 
of  water  and  discharged  chlorine,  or  of  the  OH*  ion  and  discharged  chlo- 
rine.   The  production  of  free  OH"  ion  within  the  solution,  through  the 
discharge  of  H"^  ions  at  the  cathode,  and  their  possible  participation  in 
the  anode  reactions,  need  hardly  be  considered  in  view  of  the  rapidly  in- 
creasing acidity  within  the  solution  during  the  electrjplysis.     When  the 
ooDoentration  of  the  C10~  ions  becomes  sufficiently  high,  oxygen  may  be 
fiberated  at  the  anode,  which  then  oxidizes  hypochlorite  to  chlorate. 
lims,  at  low  temperature,  a  high  concentration  of  h3rpochlorite  is  essen- 
tial to  the  formation  of  other  oxy-chloride  compounds.    Free  chlorine 
erdved  at  the  anode  could  react  with  hydrazine  or,  in  case  that  were  not 
immediately  available,  with  water,  to  form  in  the  former  case,  hydro- 
dikxic  acid,  with  liberation  of  nitrogen,  and  in  the  latter  case  hypo* 
dilorous  acid.     H3rpochlorite  would  undoubtedly  react  with  hydrazine 
m  a  manner  approximating  that  of  nascent  chlorine.    So,  as  long  as  the 
hydrazine  is  present  in  any  considerable  amount,  the  concentration  of 
the  C10~  ion  will  be  kept  low  and  the  electrochemical  formation  of  chlo- 
rates prohibited.    The  chemical  oxidation  of  hydrazine  by  chlorine  has 
been  shown  to  yield  little  or  no  ammonia  and  hydronitric  add,  when  al- 
lowed to  react  tmder  the  most  favorable  conditions.     It  is  therefore 
readily  understood  why  no  ammonia  and  hydronitric  add  should  be  formed 
under  the  conditions  obtaining  in  Bxpts.  i-8,  indusive. 

At  higher  temperatures  the  anode  products  may  be  quite  different  as 
the  result  of  secondary  reactions.  In  slightly  add  solutions  of  hypo- 
chlorite at  a  temperature  of  50^,  hypochlorous  add  oxidizes  the  hypo- 
chlorite ion  to  chlorate,  as  represented  by  the  equation 

2Hao  +  ao-  -  ao,-  +  2Ha.» 

This  is  a  reaction  of  low  velocity. 

In  Hxpts.  9  and  10  the  temperature  is  favorable  to  the  formation  of 
dilorates.  On  account  of  a  low  current  density  the  formation  of  h3rpo- 
cfalorite  is  slow  and  the  chances  for  a  high  concentration  in  hypochlorite 
jons  correspondingly  poor,  both  on  account  of  the  slow  formation  of  the 
izypochlorite  and  the  speed  of  the  reduction  of  it  by  the  hydrazine  pres- 
ent The  yield  in  chlorate,  then,  and  in  ammonia  and  hydronitric  acid 
should  be  practically  nil.    The  conclusions  conform  with  the  results. 

However,  in  Expts.  11-14,  inclusive,  where  both  a  high  current  den- 
sity and  a  high  temperature  are  maintained,  it  is  concdvable  that  there 

0H~  km  whereby  O —  ions  are  produced  and  the  evolution  of  oxygen  at  the  anode  dur- 
ng  the  electrolysis  of  certain  solutions  is  so  satisfactorily  explained. 

'Pocrster,  /-  prakt.  Chem.,  59,  53  (1899);  63,  141  (1901).    Z.  Elektrochem.,  g, 
6  (1903)*     Thosnsen,  /•  prakt.  Chem,,  59,  244  (1899).    Kretzschmar,  Z,  Elektrochem, 
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hypochlorite  forms  at  a  sufficiently  great  rate  to  acquire  a  concentra- 
tion high  enough  to  react  with  the  formation  of  chlorate,  a  reaction  favored 
by  the  temperature.  By  a  tertiary  reaction,  then,  hydrazine  is  oxidized 
to  ammonia  and  hydronitric  add. 

At  low  temperatures  and  in  slightly  acid  or  neutral  solution  the  chlo- 
rate and  the  hydrazine  ion  may  exist  simultaneously,  as  both  the  mono- 
and  the  dichlorate  have  been  formed  and  crystallized  from  aqueous  solu- 
tion.* In  hot  solution,  however,  it  is  doubtful  if  they  can  so  exist  with- 
out mutual  interaction. 

If  the  foregoing  explanation  of  the  result  obtained  in  these  experi- 
ments is  the  correct  one,  low  concentration  in  hydrazine  is  favorable  to 
those  reactions  which  are  proposed  in  explanation  of  the  formation  of 
ammonia  and  hydronitric  add.  More  interesting  results  could  not  be 
looked  for,  then,  for  the  dectrolysis  of  solutions  more  concentrated  in 
hydrazine. 

The  supposed  action  of  chlorate  on  the  hydrazine  has  been  spoken  of 
as  yidding  both  ammonia  and  hydronitric  add,  or  as  bdonging  to  the 
first  dass  of  oxidizing  agents.  However,  no  hydronitric  add  was  found. 
This  fact  is  explainable  by  dther  of  two  suppositions:  the  chlorate  tmder 
the  conditions  of  these  experiments  acted  as  an  oxidizing  agent  of  the 
second  dass  and  produced  only  ammonia;  or,  more  probably,  hydro- 
nitric add  was  formed  but  was  subsequently  decomposed  dectrochem- 
ically  through  the  discharge  of  the  N,~  ion  at  the  anode. 

In  Expts.  14-20,  where  the  bromide  is  dectrolyzed,  the  results  ob- 
tained do  not  conform  so  wdl  with  theory  based  on  the  known  behavior 
of  discharged  bromide  ions.  • 

As  the  bromide  ion  may  be  discharged  at  a  low  potential,  it  is  proba- 
ble that  no  oxygen  is  evolved  at  all.  The  reaction  whereby  the  hydra- 
zine is  bromidized  may  be  represented  by  the  equation 

H^,  +  4Br  =  N,  4-  4HBr. 
In  the  dectrolysis  of  bromides  the  formation  of  bromates  from  h3rpo- 
bromites  takes  place  with  much  greater  readiness  than  the  analogous 
reactions  which  occtu'  when  chlorides  are  dectrolyzed.  Therefore,  the 
formation  of  bromates  is  not  so  readily  controlled  or  retarded  by  condi- 
tions and  it  is  less  easy  to  say  that  they  would  or  would  not  form  under  this 
or  that  set  of  conditions — the  conditions  being  those  which  were  obtained 
in  the  experiments  imder  discussion.  There  is  reason  to  bdieve  that  the 
oxidation  occurring  in  those  experiments  where  ammonia  was  formed  was 
efifected  by  bromate  and  not  by  hypobromite.  Furthermore,  while  bro- 
mate  is  more  readily  formed  in  solution  under  various  conditions  of  elec- 
trolysis than  is  chlorate,  and  for  that  reason  should  have  been  found  in 
larger  amotmts,  it  is  more  reactive  with  hydrazine  at  all  temperatures 
^  Salvadori,  Cass.  chim.  ital.,  37,  33  (1907). 
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and  in  its  oxidation  of  that  substance  yields  smaller  amounts  of  ammonia 
and  faydronitric  add  than  the  chlorate. 

The  reasons  for  not  subjecting  the  iodides  of  hydrazine  to  the  same 
study  are  now  apparent;  both  iodine^  and  iodate,'  under  all  conditions 
tested,  are  oxidizing  agents  of  the  third  class  and  therefore  can  be  ex- 
pected to  yield  no  interesting  products. 

Summary. 

1.  The  electrochemical  oxidation  of  hydrazine  carbonate,  under  con- 
ditions which  favor  the  formation  of  percarbonates,  results  in  the  quan- 
titative oxidation  of  the  hydrazine. 

2.  That  of  hydrazine  hydrochloride  and  hydrobromide  yields  only 
nitrcfgen  and  water  or,  in  addition  to  these,  also  ammonia,  depending  on 
the  conditions  of  the  electrolysis. 

3.  The  reactivity  of  hypochlorites  with  hydrazine  appears  to  preclude 
the  possibility  of  the  formation  in  the  presence  of  hydrazine  in  large 
amounts  of  the  more  highly  oxidized  oxy-chlorine  ions. 

WBSLBTAir  Unxybbbitt.  Middlstown.  Oomi. 
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A  Jointless  Sioch-Bottle'Suppori  Buret, — It  is  believed  that  with-  the 
apparatus  herein  described  and  figured,  titration  will  be  made  easier, 
more  economical  of  solutions,  and  (especially  with  caustic  alkalies)  more 
aa;urate,  than  with  other  apparatus,  for  the  reasons  that  (i)  exposure 
to  the  air  and  (2)  the  difficulties  of  transferring  .the  solution  back  and 
forth  between  container  and  buret  are  reduced  to  a  minimum. 

Since  the  first  draft  of  this  article  was  made,  the  apparatus  of  Burk- 
hardt'has  appeared)  which,  however,  though  similar  in  principle,  is  believed 
to  be  not  so  good  as  the  one  herein  described;  because  of  (i)  the  jairU 
wet  by  the  solution,  (2)  the  closed-in  top  to  the  buret,  (3)  the  metal 
brace  below,  and  (4)  the  arrangement  of  the  opening  above,  which  would 
seem  to  make  it  difficult  to  empty  the  buret  back  into  the  container. 

As  the  diagram  shows,  our  apparatus  consists  essentially  of  a  con^ 
iainer-Umb  (made  experimentally  from  a  tall  open-mouthed  cylinder), 
joined  above  by  a  short,  wide,  unobstructed,  nearly  horizontal  tube,  to  a 
buret'Umb  (made  experimentally  from  a  50  cc«  buret  shortened  to  a  net 
(measuring)  capacity  of  15  or  20  cc). 

In  transferring  the  solution  from  container  to  buret,  or  vice  versa^  the 
apparatus  is  tipped  to  an  almost  horizontal  position,  with  the  limb  from 
which  the  liquid  is  to  flow,  uppermost.    To  facilitate  this  transfer,  the 

» Browne  and  Shetterly,  This  Journai*,  30,  53  (1908). 

'  Rimini,  Loc,  cii, 

*  Chtm.  Zig,,  35y  656;  C.  A,,  5,  20,  3359. 
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two  limbs  must  be  inclined  at  a  slight  angle  to  one  another,  diverging 
from  above  downward;  and,  as  the  buret  must  be  vertical  while  in  use, 

the  container  is  made  to  assume  a  slight  slant  by 
an  almost  imperceptible  bend  a  short  distance 
above  the  base. 

In  the  most  generally  useful  form  of  the  ap- 
paratus (A),  the  tip  of  the  buret  is  3-6  inches 
above  the  supporting  surface.  This  necessitates 
a  tall  container  and  a  short  buret.  If  it  is  desired 
to  have  the  buret  of  full  or  extra  length  without 
extreme  elongation  of  the  container,  the  appara- 
tus may  be  proportioned  as  shown  in  the  small 
silhouettes  (B)  or  (C)  in  the  figure.  In  these 
forms  the  apparatus  must  be  supported  on  a 
block  or  shelf  during  the  titrations. 

It  adds  to  the  strength  of  the  apparatus  at 
its  weakest  point,  though  it  is  not  absolutely 
necessary,  to  seal  in  a  glass-rod  brace  as  indi- 
cated by  the  dotted  lines  in  the  figure.  The 
upper  opening  should  be  slightly  flared  and  glass- 
stoppered,  similarly  to  a  volumetric  flask.  A 
rubber  stopper  with  a  small  soda-lime  tube 
shoidd  also  be  provided.  The  constriction  just 
below  the  opening  is  to  reduce  the  chance  of 
spilling  while  the  liquid  is  being  transferred  from  one  tube  to  the  other. 

The  apparatus  may  be  of  almost  any  dimensions;  a  very  handy  size 
for  ordinary  desk  work  is:  Height,  45  cm.;  diameter  of  base,  10  cm.; 
container-limb,  500  cc. ;  buret-limb,  20  cc.  net,  tip  13  cm.  above  support- 
ing surface.  We  have  also  in  use  (as  part  of  a  very  compact  portable 
COj-in-air  apparatus)  a  imit  (form  B)  of  the  following  dimensions:  Height, 
26  cm.;  coAtainer-limb,  150  cc;  buret-limb,  10  cc.  net. 

The  obvious  advantages  of  this  form  of  titration  apparatus  may  be 
sunmiarized  as  follows :  Compact,  self-contained  and  (form  A)  self-support- 
ing. Members  short  and  stout.  No  rubber,  metal,  or  other  perishable 
substance — ^all  glass.  No  joints,  except  the  single  simple  stopcock  of  the 
buret.  No  air-pressure  or  suction;  the  bodies  of  liquid  in  the  two  limbs 
separated,  or  easily  transferred  in  either  direction,  by  gravity;  hence  no 
need  for  running  the  solution  remaining  in  the  buret  to  waste,  and  no 
excuse  for  allowing  the  buret  to  stand  idle  with  solution  in  it.  After  the 
original  filling  of  the  container,  there  is  no  further  exposure  of  any  part 
of  the  solution  to  outside  air  except  as  each  measured  portion  leaves  the 
tip  of  the  biuret. 

By  reason  of  these  advantages,  this  apparatus  is  believed  to  be  particu- 
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larij  useful  for  alkalies,  especially  if  provided  with  an  obliquely*bored  or 
otherwise  alkali-resistant  stopcock. 

This  apparatus  may  be  had,  of  any  specified  dimensions,  from  Eimer 
t  Amend.  Norman  Roberts. 


Eyghmic  Labokatokt,  WAonNoroN,  D.  C 


FiiraUon  with  Alundum  Plates. — ^Filtration  of  large  volumes  of  liquids 
ooEtaining  very  fine  precipitates,  by  means  of  asbestos  fiber  and  the 


//^•X 


Wtee  plate,  has  been  found  very  inconvenient 

at  times. 
As  substitutes  for  filter  plates  and  asbestos, 

&b  made  of   "alundum"    (fused    aluminium 

flridc)  have  shown  great  eflBciency.    These  filter 

(Esb  were  made  by  the  Norton  Co.,  of  Wor- 
cester, Mass.,  according  to  the  design,  as  shown 

ia  the  accompanying  sketch. 

An  ordinary  flat  rubber  band  stretched  around 
^  filter  disk  or  plate  makes  it  fit  snugly  to  the 
hmd,  when  suction  is  applied  by  means  of  the 
flterpump.  These  plates  may  be  had  in  several 
pades  with  pores  of  diflferent  sizes,  those  with 
the  smallest  pores  retaining  the  finest  precipitates  perfectly.  Their  use 
ssves  the  trouble  of  preparing  asbestos  and  also  makes  it  possible  to 
stir  the  precipitates  without  danger  of  dislodging  the  filtering  material  as 
"vhea  asbestos  is  used.  ^  ^  Raymond  C.  Bbnner, 
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m  THE  COmotiURATIOlf  AND  ROTA- 
ONES  IN  j^  SUGAR  AND 
jAQI^^OUPS. 

By  Sluil^^tAiA&Kaoir. 
Reodred  October  17,  1911. 

Hudson*  has  pointed  out  a  very  simple  relation  between  the  configura- 
tion and  rotation  of  the  lactones  of  mono-basic  sugar  acids,  namely, 
l^nes  of  dextro  rotation  have  the  ring  on  one  side  of  the  structure, 
'•ctoncs  of  levo  rotation  have  it  on  the  other.  This  relation  is  true 
8ot  only  for  the  lactones  described  by  Hudson  but  for  practically  all 
Sttaobasic  and  some  dibasic  add  lactones  in  the  sugar  and  saccharinic 
^  groups.  In  the  following  table  are  collected  the  configurations 
>ad  q)ec]fic  rotations  of  eighteen  such  lactones. 

>Tbib  Jooenal,  3a,  53a. 
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g-Galacto-metasaccharin' 
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*  Nef,  Ann,,  376,  i. 

'  Fischer,  Ber.,  24,  539.  This  substance  is  a  di-lactone,  both  rings  agree  with 
Hudson's  hypothesis. 

'  Sohst  and  ToUens,  Ann,,  245,  10.  The  ring  is  below  for  both  carboxyl  groups. 
It  probably  has  the  position  given. 

*  Fischer,  Ber,,  24,  521.  ' 
»  Nef.  he,  cU, 

'Nef,  loc,  cii.  This  is  an  exception  to  the  hypothesis.  However,  the  sodium 
salt  of  this  add  rotates  — ^35^  and  the  dextro  rotation,  due  to  lactone  formation,  is 
not  strong  enough  to  overcome  this  levo  rotation. 
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'  Le^ene  and  Jacobs,  Ber.,  43,  3 141.    This  is  an  exception  to  the  hypothesis. 
'  Lewne  and  Jacobs,  loc.  cU, 

•  KUtans,  Ber.,  19, 1914.    Nef ,  loc.  ciL 

•  Spoehr,  Am.  Chem.  /.,  43,  235. 
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The  above-described  relation  between  configuration  and  rotation 
affords  a  new  method  for  determining  the  configuration  of  the  lactones 
formed  by  some  dibasic  acids.  Thus,  ^  pentahydroxy  pimelic*  acid  forms 
a  mono  lactone  which  has  either  configuration,  I  or  II. 

H  OH  H  OH  OH 
I.  COOH--C— C— C— C— C— C-0 

OH  H     I     H   H     I 
L— O ' 

I O— n 

H  OH 


H    H 

II.  COOH— C— C— C— C— C— C-0 

OH  OH  H  OH  H 

Since  the  specific  rotation  of  the  lactone  is  +  68**,  it  must  have  configura- 
tion I.  .     ' 

The  data  given  above  furnish  additional  evidence  for  the  hypothesis 
advanced  by  Hudson.  They  show  how  varied  the  lactone  structure 
may  be  and  that  hypothesis  still  apply. 

ELbnt  Chbmical  Laboratory, 
UinvBRiiTT  OF  Chicago. 


[Contribution  prom  nm  Chsbhcal  Laboratory  op  Harvard  Univsrsity.] 

2 ,5-DIMETH  YLHEPTANE. 

By  Latham  Clarkb  and  Sydnby  A.  Bbogs. 
Received  November  6.  1911. 

In  the  study  of  the  octanes,  which  for  some  years  has  been  in  process 
in  this  Laboratory,  certain  relationships  have  been  discovered  between, 
chemical  constitution  and  physical  properties,  an  account  of  which  has 
been  included  in  an  earlier  paper.'  It  is  of  considerable  interest  to  as- 
certain whether  these  relationships  hold  true  in  the  series  of  nonanes 
as  well  as  in  the  series  of  octanes,  and  the  study  of  the  nonanes  has  there- 
fore been  taken  up;  meanwhile,  the  researches  on  those  octanes  which 
are  yet  to  be  synthesized  are  being  pushed  on  as  actively  as  possible. 
In  this  paper  is  given  a  description  of  the  synthesis  and  properties  of 
2,5-dimethylheptane,  the  first  nonane  to  be  prepared  in  this  laboratory. 

This  hydrocarbon  has  been  made  by  Mile.  Welt,*  who  used  the  Wurtz 
reaction;  but  the  compound  prepared  by  her  was  apparently  not  at  all 
pure  since  the  boiling  point  is  given  as  128-134°.  The  2,5-dimethyl- 
heptane prepared  in  this  research  boiled  at  135.6-135.9°  at  760  milli- 
meters pressure  and  had  at  15°  the  specific  gravity  0.7190,  compared  with, 
water  at  15°. 

The  literature  records  four  nonanes  in  addition  to  that  of  Mile.  Welti 

^  Fischer,  Ann.,  270,  90. 

*  This  Journal^  33,  520  (1911). 

*  Aim.  Mm,  phys.,  [7]  6»  xaa. 
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1.  Normal  nonane.^ 

2.  3,6-Diinethylheptane.' 

3.  4-EthyUieptane.* 

4.  2-Methyl-3,3-dimfethyl-4-methylpentane.* 

As  pomted  out  in  the  earlier  paper  on  octanes,*  the  hydrocarbons  fall 
in  classes  according  to  their  constitution.  Thus  normal  octane  stands 
by  itself,  the  three  monomethylheptanes  form  a  class  by  themselves, 
as  do  the  four  dimethylhexanes,  and  the  physical  properties  of  each  of 
these  different  classes  exhibit  certain  regularities.  To  show  these  a  table 
of  the  physical  constants  of  the  first  eight  octanes  is  given  herewith. 

specific         Index  of 
Boilinc  point.  gravity        reiraction 

Degrees.      Mm.  15/15.  Np  (25«). 

I.  Narmal  octane 124.7  &^  7^  0.7068  i  .3963 

3.  3-MethyDieptaiie 116. o  at  761  0.7035  i  -3944 

3.  3-MetbyUieptaiie 117. 6  at  760  0.7167  i  .4033 

4.  4-Methylheptane 118. o  at  760  0.7317  1-3978 

5.  3,3-DimethyUiexdiie "3. 9  at 758  0.7346  1*4075 

6.  2,4-Diiiiethylhexane iio.o  at  763  0.7083  1 .3986 

7.  2,5-Dimethylhexaiie 108.35  at  760  0.6991  i-393o 

8.  3,4-Dimethylhexaiie 116. 5  at  759  0.7370  1.4038 

By  substituting  a  normal  chain  with  an  "iso"  group,  that  is,  in  going 
from  normal  octane  to  2  methylheptane,  we  observe  a  depression  in  boil- 
ing point  of  8.7°;  but  as  we  move  the  substituting  methyl  group  along 
from  the  2-  to  the  3-  and  again  to  the  4-position  a  slight  elevation  in  boil- 
ing points  occurs.  With  increasing  boiling  point,  we  find  a  rise  in  the 
specific  gravity  in  the  case  of  these  three  methylheptanes.  Considering 
now  the  dimethylhexanes,  that  which  has  the  lowest  boiling  point  is 
2,5-dimethylhexane,  where  we  have  two  "iso"  groups,  one  at  each  end 
of  the  chain.  We  should  expect  that  siace,  in  the  case  above  noted, 
we  move  one  methyl  group  from  the  5-  to  the  4-position,  and  observe  an 
devation  of  boiling  point,  we  should  likewise  find  an  elevation  of  boiling 
pdnt  when  we  change  one  methyl  group  of  2,5-dimethylhexane  from 
the  5-  to  the  4-position  and  we  do  find  a  slight  increase,  in  the  first 
case  1.6®,  in  the  second  1.75°. 

But  when  we  again  move  our  methyl  group,  this  time  from  the  4-  to 
the  3-position,  giving  2-3-dimethylhexane,  we  get  a  relatively  very 
considerable  rise.  Here,  however,  we  have  the  substituting  methyl 
groups  in  adjacent  positions.  In  3,4-dimethylhexane,  when  again  the 
methyl  groups  are  on  adjacent  carbon  atoms,  we  observe  a  still  higher 
boiling  point. 

'Thorpe  and  Young,  Ann.,  165,  19  (1873).    Krafft,  Ber.,  15,  1693  (1883). 
■  Wurts,  Jahresb,,  i855>  575- 

•  Oberrdt,  Ber.,  39,  3003. 

*  Silva,  Ibid.,  5*  9^-  ^ 
•LoccU. 
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The  specific  gravities  of  the  methylheptanes  rise  in  relation  to  the 
boiling  points  and  the  same  is  true  of  the  dimethylhexanes,  without 
exception,  in  each  class  the  higher  the  boiling  point,  the  greater  the  specific 
gravity. 

I^et  us  now  examin  the  properties  of  the  nonanes.  As  none  of  th^ 
methyl  octanes  have  yet  been  made,  we  cannot  include  them,  but  there 
are  three  of  the  dimethylheptanes,  viz: 

I.  2,4-Dimethylheptane,^    CH3CH— CH^— CH— CHjCHjCHs 


CH,  CH3 

2.  2,5-Dimethylheptane,   CH3CH— CH3CH3— CH— CH3CH, 


CH3  CH, 

3.  2,6-Dimethylheptane,   CHjCH— CHjCHjCHjCH— CH3 


CH3  CH3 

Specific         Index  of 

BoUinjT  point.  gravity        refraction 

Degrees.         Mm.  15 VIS*.        Nd  (25*). 

1.  2,4-Dimethylheptaiie' 132 .9-133      at  752      0.7206        1 .4014 

2.  2,5-Diinethylheptane' 135    -135 .9  at  760      0.7190         1 .4020 

3.  2,6-Dimethylheptane* 132  0.7122 

2,6-Dimethylheptane  has  the  lowest  boiling  point  and  the  smallest 
specific  gravity.  2,5-Dimethylheptane  should  by  analogy  to  the  octanes 
come  next  but,  very  strange  to  say,  the  boiling  point  is  very  much  higher 
than  we  should  expect,  it  being  about  3.7°  higher,  when  we  should  antici- 
pate a  difference  of  about  1.7®,  while  the  specific  gravity  is  about  as  much 
greater  as  we  should  look  for.  But  in  the  case  of  2,4-dimethylheptane, 
the  boiling  point  is  lower  than  that  of  2,5-dimethylheptane  by  practically 
2.7°,  and  is  only  one  degree  higher  than  that  of  2,6-dimethylheptane. 
This  surprizing  exception  is  all  the  more  noteworthy,  because  the  specific 
gravity  is  normal,  that  is,  somewhat  greater  than  the  specific  gravity 
of  2,5-dimethylheptane. 

It  will  be  decidedly  interesting  in  view  of  the  above  facts  to  see  how 
the  properties  of  the  other  nonanes  compare  and  to  this  end  their  syntheses 
will  be  accomplished  as  soon  as  possible,  and  all  attempts  to  explain  post- 
poned until  further  data  are  at  hand. 

^  An  account  of  the  preparation  and  properties  of  2-4-diniethylheptane  is  given 
in  the  succeeding  paper. 

•  From  data  in  the  succeeding  paper. 

'  From  data  determined  in  this  research  and  given  later  in  the  paper. 

*  Wurtz,  Jahresb.,  1855,  575.  In  his  paper  Wurtz  gives  the  specific  gravity  at  o** 
as  0.7247.  The  value  above  is  a  theoretical  approximation  calculated  from  Wurtz's 
figures. 
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2,S'Dime1hylhepiane, — ^The  starting  point  of  this  research  in  the  syn- 
thesis of  2,5-dimethylheptane  was  ethyl  acetoacetate,  which  was  con- 
verted into  ethyl  isobutylacetoacetate  by  the  usual  procedure  of  con- 
version into  the  sodium  salt  and  treatment  with  isobutyl  iodide.  The 
ethyl  isobutylacetoacetate  was  then  saponified,  giving  the  ketone,  2- 
methyl-5-hexanone,  which  was  subjected  to  the  Barbier-Grignard  re- 
action, using  ethyl  magnesium  bromide,  thus  producing  an  alcohol  con- 
taining nine  atoms  of  carbon,  viz.,  2-methyl-5-methyl-5-heptanol.  From 
the  last  the  corresponding  carbinol  iodide  was  obtained,  and  by  boiling 
this  with  alcohol  potash,  the  nonylene  2-methyl-5-metheneheptane  was 
formed,  which  was  then  reduced  to  2,5-dimethylheptane. 

To  summarize  these  reactions: 
CHjCOCHjCOjCjHs,  Ethyl  acetoacetate  — ► 
CH,C»CHj(CH2CH)(CH3)3}CO,C^5,  Ethyl    isobutylacetoacetate 
OIjCOCHaCHjCHCCH,),,  2-Methyl-5-hexanone  +  CjHsMgBr  -^- 
CH;CH,C(0H) (CHs)CH,CH,CH(CH3)„  2-Methyl.5-methylheptanol 
CHgCH,C(I)(CH3)CH3CHjCH(CH3)3,2-Methyl-5-methyl-5-iodoheptane— ^ 
CH3CH3C— CH3CH3CH(CH3)3,  2-Methyl-5-metheneheptane 

n 
CH3 

aijCHjCCH) (CH3)CH3CH3CH(CH3)3,  2,5.Dimethylheptane. 

Owing  to  lack  of  time,  the  constitution  of  the  nonylene,  although  prob- 
ably that  given  above,  was  not  determined,  but  the  only  point  in  question 
is  the  position  of  the  double  bond,  and  since  it  is  reduced  to  a  saturated 
single  bond  in  the  final  hydrocarbon,  it  has  nothing  to  do  with  the  con- 
stitution of  the  nonane. 

A  noteworthy  fact  in  coimection  with  this  nonylene  is  that  it  forms 
a  binary  mixture  with  ethyl  alcohol  which  boils  at  80°,  while  the  boiling 
point  of  the  nonylene  itself  is  139-140°.  The  two  liquids  are  perfectly 
misdble.  This  recalls  the  mixtures  of  minimum  boiling  point  which 
normal  hexane  forms  with  the  lower  alcohols.* 

Experimental  Part. 

Ethyl  isobutylacetoacetate,  CHaCOCH{CH3CH(CH3)3}C03C,H5,  was  pre- 
pared from  ethyl  acetoacetate  and  isobutyliodide  by  the  method  of 
Qmrad,'  the  condensation  being  effected  through  the  sodium  salt  of  the 
ethyl  acetoacetate.  The  ethyl  isobutylacetoacetate  was  saponified  by 
boiling  with  a  return  condenser  for  eight  hours  with  a  10%  solution 
of  caustic  potash,  usuig  four  molecules  of  caustic  potash  to  each  molecule 
of  the  acetoacetate.  The  resulting  ketone  was  distilled  with  steam, 
separated,  washed  with  water,  dried  with  calcium  chloride  and  fractionated 
until  the  boiling  point  extended  over  but  one  degree,  viz.,  143-144 *'.    The 

^  See  page  268,  et  seq.,  in  "Stoichiometry,"  by  Sydney  Young. 
*  Conrad  and  Irimpach,  Ann.,  xga,  153. 
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3deld  of  the  ketone,  which  was  5-methyl-2-hexanone,  CH,COCHjCH,CH- 
(CHj),,  was  usually  about  40%  of  the  theoretical,  100  grams  of  the  aceto- 
acetate  giving  25  grams  of  ketone.  This  is  not  a  new  ketone,  the  con- 
ditions of  preparation  only,  are  new.^ 

2,3  -  Dimethyl  -  5  -  heptanol,  CH5CH,C(0H)(CHj^CH,CH,CH(CH,),. 
5-Methyl-2-hexanone,  a  ketone  containing  seven  carbon  atoms,  was  con- 
verted into  2,5-dimethyl-5-heptanol  containing  nine  atoms  of  carbon 
by  the  Barbier-Grignard  reaction. 

Twenty  grams  of  magnesium  were  dissolved  in  a  mixture  of  100  grams 
ethyl  bromide  and  an  equal  volume  of  ether.  To  this  were  added  ninety- 
one  grams  of  ketone  in  an  equal  volume  of  ether  and  the  whole  heated  on 
the  steam  bath  for  one  hour.  The  organo-magnesium  compound  was  then 
carefully,  decomposed  by  ice  and  water  and  the  mixture  neutralized  by 
hydrochloric  acid.  The  ether  layer  was  separated  and  dried  over  potas- 
sium carbonate.  Finally  the  ether  was  evaporated  off  and  the  remaining 
liquid  fractionated.  It  gave  sixty-one  grams  boiling  from  172-174®. 
This  was  2,5-dimethylheptanol. 

Calculated  for  CJtl^O:  C,  75.0  ;  H,  13.88 
Found :  C,  75 . 1 1 ;  H,  14 .03 

Properties:  Colorless  liquid  boiling  at  172-174°.  Odor  of  musty  apples. 
Miscible  in  the  common  organic  solvents,  but  not  miscible  in  water. 

2,5'Dimethyl'5'iodoheptane.,  CH3CH3C(I)(CH,)CHjCHjCH(CH3),  and  its 
conversion  into  the  nonylene,  CHjCHjC— CH,CH,CH(CH,), 

il 
CHj 

For  the  preparation  of  2,5-dimethyl-5-iodoheptane,  sixty-one  grams 
of  2,5-dimethyl-5-heptanol  were  mixed  with  eight  grams  of  red  phos- 
phorus and  fifty-four  grams  of  iodine  and  allowed  to  stand  for  one  hour, 
after  which  the  mixture  was  heated  on  a  steam  bath  for  ten  hours.  The 
resulting  iodide  was  washed  with  water  and  filtered  from  the  unchanged 
phosphorus  but  was  not  distilled. 

It  was  converted  into  the  nonylene  without  further  purification  as 
follows:  seventy  grams  of  caustic  potash  were  dissolved  in  one  hundred 
and  five  grams  ethyl  alcohol  and  seventy  grams  of  the  iodide  carefully 
added  to  the  warm  mixture.  It  was  then  heated  on  a  sand  bath  for 
two  hotws  using  a  reflux  condenser.  The  alcohol  and  nonylene  were  next 
distilled  off,  the  greater  part  coming  over  at  80®.  By  diluting  this  dis- 
tillate with  water,  the  nonylene  was  separated,  washed  with  water  and 
dried  over  calcium  chloride.  On  boiling  the  nonylene  with  sodium  there 
was  no  tarnishing  of  the  metal,  showing  that  the  iodine  had  been  com- 
pletely removed.  On  fractionating  the  liquid,  nineteen  grams  were 
obtained  boiling  at  139-140°. 

'  See  Beilstein,  Handbuch,  III  Aufl.,  Bd.  I,  xooo. 
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Calculated  far  CtH„:C  83.71;  H,  14.19 
Found:  C,  86, 09i  H,  13.91 

Properties:  Colorless  liquid  with  a  sweet  petroleum-like  odor,   boiling 
at   139-140°.     Decolorizes   bromine   in    chloroform    solution.     Miscible 
with  the  common  organic  solvents  not  miscible  with  water. 
2.5-Dintethyl   keptaw.   CH,CH,CHCH,CH,CHCH„  was  prepared  from 
I  I 

CH,  CH, 

ttie  nonylene  by  reducing  it  by  Sabatier  and  Senderens'  method  of  passing 
the  unsaturated  hydrocarbon  with  en  excess  of  hydrogen  over  freshly 
reduced  nickel  at  a  temperature  of  160-180°.  The  apparatus  used  is 
sfaown  in  the  accompanying  diagram  and  was  a  modification  by  Bed- 
fotd'  of  that  used  by  Sabatier  and  Senderens.  The  original  article  of 
Bedford  is  inaccesrible  to  most  readers  so  a  description  of  our  apparatus 
s  herewith  included. 

The  apparatus  is  of  glass  and  is  filled  to  G  and  F  with  nickel  oxide, 
depoimted  on  ptmiice,  which  was  prepared  as  follows: 

Twenty  grams  of  purest  nickel  nitrate  were  heated  in  a  nickel  crucible 
over  a  blast  flame  for  two 
hours.  Pieces  of  pumice  stone 
cut  up  to  fit  into  the  appara-  "*  m*" 
tus  were  also  heated  in  the 
Mast  lamp  in  a  nickel  crucible* 
for  one  hour.  After  the 
nickel  oxide  which  was  formed 
had  cooled,  it  was  made  into 
a  paste  by  mixing  it  with  a 
httle  distilled  water  free  from 
cjiiorine-  The  pieces  of  pumice 
were  stirred  into  this  until 
dmoughly  coated  and  then 
removed  with  steel  forceps, 
placed  on  a  lai^  watch  glass 
and  dried  in  an  air  bath  at  | 

95°  for  two  hours.  X. 

The  nickel  prepared  pumice  was  then  put  in  the  apparatus  and  C 
and  D  were  stoppered  with  cork  stoppers.  B  was  stoppered  with  a  cork 
having  one  hole  through  which  a  small  dropping  funnel  was  inserted. 
A  current  of  hydrogen  was  then  passed  through  the  apparatus  from  A 
to  G  and  the  apparatus  was  heated  in  an  air  bath  at  300°  for  eight  hours. 
The  hydrogen  used  was  made  by  the  action  of  hydrochloric  acid  on  zinc 
■  "Ueber  die  ungesftttisten  SAnren  dea  I.«mOlB,  und  ihre  quantitative  Reduktioa 
n  Stearin  dure."     Inaugural  DiMertation  zur  Erlaofoiic der  Doktor,  Halk  a.S. 
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and  was  purified  by  passing  through  a  solution  of  caustic  potash,  over 
hot  copper  gauze  and  finally  over  solid  caustic  potash. 

After  the  nickel  had  been  once  reduced  by  heating  at  300®  for  eight 
hours  in  a  current  of  hydrogen,  it  was  necessary  to  heat  again  to  300® 
for  one  hour  each  time  it  was  used.  The  apparatus  was  then  placed  in 
an  oil  bath  at  160-180°  and  the  nonylene  allowed  to  drop  very  slowly 
(about  6  drops  a  minute)  through  the  dropping  funnel  on  to  G.  The 
nonylene  was  vaporized  and  carried  by  the  cturent  of  hydrogen  entering 
at  A  over  the  nickel  in  F  and  out  at  E  where  it  was  condensed  by  an  air 
condenser. 

The  nonylene  was  completely  saturated  by  nmning  it  once  through 
the  apparatus.  The  nickel  was  found  to  work  better  if  after  running 
a  few  drops  of  liquid  through  the  apparatus  the  first  time  the  nickel  was 
used,  the  process  was  stopped,  heated  up  to  300°  for  an  hour  and  then 
continued  again  at  160°.  It  was  also  found  that  the  same  nickel  could 
not  be  used  for  two  different  substances. 

Ten  grams  of  the  nonylene  gave  nine  grams  of  the  2,5-dimethylheptane 

boiling  within  one  degree.     It  gave  no  test  for  unsaturation.    This  2,5- 

dimethylheptane  was  fractionated  until  4  grams  were  obtained  boiling 

at  135.6-135.9°  under  760  mm.  pressure. 

Calculated  for  CgH^:  C,  84.37;  H,  15.63 
Found:  C,  84.12;  H,  16.14 

Properties:  Colorless  liquid  with  a  petroleum-like  odor,  boiling  at  135.6- 

135.9®  under  760  mm.  pressure.    The  specific  gravity  at  15°  is  0.7190 

referred  to  water  at  15°.    The  index  of  refraction  was  determined  with 

a  fine   Pulfrich  refractometer,   N^   (25°)  =  1.4020.    The  hydrocarbon 

is  fairly  miscible  with  the  common  organic  solvents. 

Caicbsidob,  Mass. 


[Contribution  prom  thb  CHBmcAL  Laboratory  of  Harvard  Collbgb.] 

2^-DIMETHYLHEPTANE. 

By  Latham  Clarke  and  Stdnby  A.  Bbgos. 
Received  November  6.  1911. 

This  nonane  has  been  synthesized  and  studied  in  connection  with  the 
researches  in  this  laboratory  on  the  paraffin  hydrocarbons. 

In  the  synthesis  of  2,4-dimethylheptane,  the  starting  point  was  ethyl 
isopropylacetoacetate,  which  was  saponified  giving  methyl  isobutyl- 
ketone  or  2-methyl-4-pentanone.  The  plan  then  was  to  treat  the  ketone 
with  normal  propyl  magnesium  iodide,  which  was  expected  to  give  an 
alcohol  containing  nine  atoms  of  carbon,  2,4-dimethyl-4-heptanol, 
CH,CH,CH2C(0H)(CH,)CH,CH(CH,),;  the  last  we  mtended  to  convert 
into  the  corresponding  carbinol  iodide,  and  by  then  splitting  off  hydriodic 
acid  by  the  action  of  alcoholic  potash,  the  nonylene  would  be  formed 
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d  the    formula    CHsCH^CH^C— CH,CH(CHs)„    which  is  4-metheiie-2- 

I 

CH, 
znethylheptane.  By  reduction  of  the  nonylene,  the  saturated  octane 
would  be  produced.  We  found,  however,  that  when  normal  propyl 
magnesitnn  iodide  reacted  with  the  above  mentioned  ketone,  the  product 
was  the  desired  nonylene,  evidently  formed  from  the  carbinol,  to  be  ex- 
pected, by  the  elimination  of  one  molecule  of  water.  The  actual  reactions 
therefore  involved  in  the  S3mthesis  of  2,4-dimethylheptane  were  those 
of  the  following  summary: 

CH,COCH[CH(CH,),]C0,CJH^,    Ethyl  isopropylacetoacetate 
CH,COCH,CH(CH,)„    2.Methyl-4-pentanone  +  CH,CH,CH,MgI 
CH,CHaCH,C— CH,CH(CH,)„  2-Methene-4-methylheptane  — ► 

D 

CH, 
CH,CH,CH,CH(CH,)CH3CH(CH,)„  or  2,4-Dimethylheptane. 

The  peculiar  reaction  above  noted,  where  a  tertiary  alcohol  formed 
in  a  Barbier-Grignard  reaction  splits  off  water  to  form  an  unsaturated 
compound,  has  not  been  recorded  before  in  the  purely  aliphatic  series 
so  far  as  we  can  find,  although  cases  are  known  among  the  aromatic- 
aliphatic  series.^ 

Owing  to  the  lack  of  time  the  exact  constitution  of  the  nonylene  was 
not  determined,  but  it  was  almost  surely  that  of  the  ascribed  formula. 
The  only  thing  in  doubt,  however,  is  the  position  of  the  double  bond  and 
this  does  not  affect  the  constitution  of  the  nonane,  as  the  double  bond 
is  saturated  in  the  next  step. 

Experimental  Part. 

Methyl  isobutyl  ketone,  CHjCOCHjCHCCH,),,  was  obtained  from 
isopropyl  acetacetic  ester  by  boiling  for  eight  hours  with  a  10%  solution 
of  caustic  potash.  The  ketone  was  then  distilled  off  with  steam,  washed 
with  water,  dried  over  calcium  chloride  and  fractionated.  From  two 
hundred  grams  of  ester  seventy  grams  of  ketone  were  obtained,  boiling 
at  114-115®. 

The  nonylene,  2-methene-4-methylheptane,  was  made  from  the  ketone 
by  treating  with  an  excess  of  normal  propyl  magnesium  iodide.  Twenty- 
four  grams  of  magnesium  were  dissolved  in  171  grams  of  normal  propyl 
iodide  which  had  been  mixed  with  an  equal  volume  of  ether  and  70  grams 
of  the  ketone  diluted  with  an  equal  volume  of  ether  were  then  added 
slowly  and  the  whole  warmed  on  a  steam  bath  for  two  hours.  The  re- 
actum  product  was  decomposed  in  the  usual  manner  with  ice  water  and 
finally  with  dilute  hydrochloric  add.    The  ether  solution  was  separated 

'  Grignard  and  Tissier,  Compt,  rend,,  232,  1182  (190Z). 
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and  dried  over  potassium  carbonate,  the  ether  was  then  distilled  off 
and  the  residue  consisting  of  the  nonylene  fractionated.  The  yield  was 
twenty  grams  of  hydrocarbon  boiling  at  132-133^. 

Calculated  for  C^,ii:  C,  85.71;  H,  14.39 
Found:  C,  85.29;  H,  14.22. 

Properties:  Colorless  liquid  boiling  at  132-133®. 

Miscible  with  all  the  common  organic  solvents.  Immiscible  with  water. 
Decolorizes  bromine  in  chloroform  solution.  It  has  an  odor  like  that 
of  petroleum. 

2,4'Dimethylhepiane,    CHjCH,CH,CHCHCHCH,   was    made    from    the 


CH,  CH, 
nonylene  by  reducing  it  by  Sabatier  and  Senderens'  method  of  pass- 
ing the  vapor  of  the  nonylene  with  an  excess  of  hydrogen  over  freshly 
reduced  nickel  at  160-180°,  after  the  manner  of  the  reduction  of  2-methyl- 
5-metheneheptane  to  2,5-dimethylheptane  described  in  the  preceding 
paper.  The  nonane  was  then  carefully  fractionated  with  a  fifth  degree 
thermometer  until  five  grams  were  obtained  boiling  at  132.9-133°. 

Calculated  for  C^i^:  C,  84.37;  H,  15.63 
Found:  C,  84.28;  H,  15.92 

Properties:  Colorless  liquid  boiling  at  132.9-133°  at  752  millimeters 
pressure.  It  is  miscible  in  the  common  organic  solvents.  Does  not 
decolorize  bromine  in  chloroform.  Odor  of  petroleum.  Sp.  gr.  is  0.7206 
at  15  °  compared  to  water  at  15  °.  The  index  of  refraction  was  determined 
with  a  Pulfrich  refractometer  Nj^  (25°)  «  1.4014. 


October.  1911. 
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MOLECULAR  REARRANGEMERTS  m  THE  CAMPHOR  SERIES.  VIIL 
CAMPHONOLIC  ACID  AND  CAMPHONOLOLACTONE. 

By  William  A.  NoTss.  B.  B.  Oorslinb  amd  R.  S.  Pottbk. 
Received  November  23,  1911. 

Three  lactones  are  known  which  correspond  to  three  hydroxy  acids 
which  retain  the  tertiary  carboxyl  of  camphoric  acid.    These  are: 

1.  Campholactone,  obtained  by  Pitting  and  Woringer^  in  distilUngr 
lauronolic  acid  and  formed  when  lauronolic  acid  is  wanned  with  dilute 
acids. 

2.  Isocampholactone,  first  obtained  in  an  impure  condition  by  one  of 
us'  in  decomposing  aminolauronic  acid, 

^  Ann.,  237,  lo. 

*  Am,  Chsm.  J.,  i%  432;  ja,  290. 
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CH, C(CH,)CO,H 

CHg— c-<:h, 

CH, CHNH, 

witii  nitrous  add  and  later  obtained  by  Bredt^  by  decomposing  the  nitroso 
derivative  of  the  anhydride  of  aminolauronic  add  with  sodium  hydrox- 
ide. 

3.  Camphonololactone'  corresponding  to  a  hydroxy  acid  formed  along 
vhh  the  hydroxy  add  of  isocampholactone  in  decomposing  the  nitroso 
derivative  of  aminolauronic  add  with  sodium  hydroxide.* 

4*  In  addition  to  the  three  hydroxy  adds  corresponding  to  the  three 
bctcmes  a  hydroxy  add  called  hydroxylauronic  add/  which  has  not 
been  converted  into  a  lactone,  has  been  obtained  by  the  decomposition 
of  the  ethyl  ester  of  aminolauronic  add  by  nitrous  add.  The  same  add, 
apparently,  is  one  of  the  products  of  the  decomposition  of  the  nitroso 
derivative  of  the  anhydride  of  aminolauronic  add  with  sodium  hydrox- 
ide.* Hydroxylauronic  add  has  been  obtained  only  as  a  viscous  liquid 
and  the  evidence  that  it  is  a  single,  definit  compound  and  not  a  mixture 
of  two  or  more  hydroxy  adds  is  not  very  satisfactory. 

While  structural  formulas  for  some  of  these  lactones  and  hydroxy 
acids  are  to  be  found  in  the  literature,  the  formulas  which  have  been 
pvea  rest  on  very  slender  evidence.  In  the  hope  of  securing  more  satis- 
factory evidence  for  the  structure  of  some  one  of  these  acids  we  under- 
took, three  years  ago,  the  reduction  of  camphononic  add, 

CH,— C(CH,)CO,H 

C(CH,), 

CH^-CO 
The  structure  of  this  add  was  demonstrated  very  condusivdy  by  Lap- 
worth  and  Lenton.*  After  several  months  of  work  and  many  futile  attempts, 

we  finally  obtained  the  aniyl  ether  of  camphonolic  acid,  C^H^X  > 

X)C.H„ 

by  reducing  the  camphononic  add  with  amyl  alcohol  and  sodium.  About 
that  time  a  brief  note  was  published  by  Bredt^  in  which  he  stated  that  he 
liad  effected  the  desired  reduction  by  dectrolytic  means.  Our  own  work 
in  this  line  was,  accordingly,  discontinued.  More  recently  we  have  un- 
dertaken a  careful  study  of  the  products  obtained  by  the  decomposition 

*  This  name  is  suggested  by  Professor  Bredt  in  a  private  communication. 
'  Noyes  and  Taveau,  Am.  Ckem.  /.,  35,  385. 

*  Am,  Chem.  7.,  18,  687.    Tms  Journal,  31,  378. 
'  Am.  Ckem.  J,,  Zh  ^89;  35f  385* 

*/.  Chem.  See,,  70,  1384. 
^  Amm,,  366,  1. 
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of  the  nitroso  derivative  of  the  anhydride  of  aminolauronic  acid  with 
sodium  hydroxide.  Among  these  products  Taveau*  foimd  a  lactone 
melting  at  164-165®  which  gave  a  hydroxy  acid  melting  at  189.5®.* 
By  comparing  the  properties  of  this  acid  and  lactone  with  those  of  a 
sample  of  the  ci^-camphonolic  acid  and  camphonololactone  obtamed  by 
the  reduction  of  camphononic  add,  very  kindly  sent  us  by  Professor 
Bredt,  we  have  established  the  identity-  of  the  two  substances.  We  have 
also  oxidized  our  hydroxy  acid  to  camphononic  acid.  These  compounds 
must,  therefore,  have  the  structures 


CH,-C{CH,)CO,H  CH,-C(CH,)CO 

C(CH,),  and 

CH,— CHOH  CH, 


1,— ^-V^Jtt,;v;u 

C(CH,)J   . 
[,— CH— oJ 


Experimental  Part. 

Camphononic  add  was  prepared  by  the  method  of  Lapworth  and 
Lenton,*  somewhat  modified.  Camphanamide  (19.7  g.)  was  dissolved 
in  10%  sodium  hydroxide  by  boiling  for  a  short  time.  The  solu- 
tion was  cooled  to  o®  and  120  cc.  of  a  solution  of  5.4  cc.  of  bromine  in 
120  cc.  of  cold  sodium  [hydroxide  (10%)  was  added.  The  mixture 
was  allowed  to  stand  iV,  hours  at  room  temperature,  was  heated  for 
4  hours  on  the  water  bath  and  was  again  allowed  to  stand  over  night. 
On  the  addition  of  an  excess  of  hydrochloric  add  the  camphononic  add 
was  precipitated  and  was  filtered  off  after  thorough  cooling.  It  was  crys- 
tallized from,  carbon  tetrachloride  and  from  water.  The  yield  was  about 
10  grams  but  the  reaction  seems  to  be  very  sensitive  to  slight  changes 
in  the  conditions.  The  purified  camphononic  acid  mdts  at  229-230°; 
Lapworth  and  Lenton  give  the  melting  point  as  228°.  In  a  solution 
containing  2.4  g.  in  100  cc.  of  benzene  [a}^=  17.8°  at  27.5®.  In  a  solu- 
tion containing  3  g.  in  100  cc.  of  alcohol  [a]D=  — 3-9°- 

Reduction  of  Camphononic  Acid,     Amyl  Ether  of  Campkonolic    Acid, 
/CO»H 

. — ^Four  grams  of  sodium  were  placed  in  a  flask  connected 
OC,H„ 

with  an  upright  condenser,  ten  cc.  of  amyl  alcohol  were  added  through 
the  condenser  and  then,  gradually,  4  grams  of  camphononic  add  dissolved 
in  20  cc.  of  amyl  alcohol.  More  alcohol  was  added  as  necessary  and  the 
boiling  continued  till  all  of  the  sodium  had  disappeared.  The  amyl  alco- 
hol was  distilled  with  steam,  indifferent  substances  were  removed  with 
ether  and  the  reduction  product  obtained  by  extracting  with  ether  after 
addifying  with  hydrochloric  acid.     The  acid  obtained  was  a  viscous, 

*  Am.  Chem.  /.,  35,  385. 

'  The  values  given  in  the  experimental  part  of  this  paper  are  probably  more  ac- 
curate. 

•  /.  Ckem.  Soc,,  79,  1233. 
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yellow  oil  which  distilled  at  222-223^  under  a  pressure  of  40  mm.    The 

analyses  indicate  that  it  was  mixed  with  a  little  unchanged  camphononic 

add,  from  which  it  could  not  be  separated  by  distillation,  but  taken  with 

the  analyses  of  salts  given  below,  they  leave  no  doubt  as  to  the  character 

of  the  compound : 

Calculated  for  Cj^^Ot :  C,  69 . 4 
Found:  C,  68.3,  68.2,  68.5; 

68.7,  69.3 

The  calcium  salt  was  prepared  by  boiling  a  solution  of  the  acid  in  di- 
lute alcohol  with  calcium  carbonate.  From  this  solution  the  copper 
and  silver  salts  were  prepared  by  precipitation.    The  analyses  gave: 

.CO, 

Calculated  for  (Cfi^K  )iCu:  Cu,  11.5;  found,  11.4%. 

OC5H1, 

v^CO^g 
Cakulated  f or 


H,  10.7. 

H,    9.8,  9.9,  10. a. 
10. 1,  10. o. 


C,H„<  :  Ag,  30.9;  found,  3*  3%. 


Cis^amphonololacione, 


. — ^As    stated  above,   this  lac- 


CH,— C(CH,)— CO 

C(CH,), 
CH,  -CH O 

tone  has  been  prepared  by  Bredt  by  the  electrolytic  reduction  of  cam- 
phononic acid.^    Taveau  obtained'  it  by  decomposing  the   nitroso  de- 

XO 
rivative  of  the  anhydride  of  aminolauronic  acid,  CgHj^^  |        ,  by  boil- 

^NNO 

ing  it  with  a  10  per  cent,  solution  of  sodium  hydroxide.  We  have  pre* 
pared  it  again  in  a  similar  manner,  using  37.5  cc.  of  a  33  per  cent,  solu- 
tion of  sodium  hydroxide  to  25  grams  of  the  nitroso  compound  and  shak- 
ing the  mixture  for  some  hours.  The  bottle  containing  the  mixture  was 
set  upright  in  cold  water,  to  keep  it  cool,  and  provided  with  a  stopper 
bearing  a  tube  which  allowed  of  the  escape  of  the  nitrogen  which  is  evolved. 
The  decomposition  is  very  slow  at  first,  owing  to  the  very  difficult  solu- 
bility of  the  nitroso  compound.  After  some  laurolene  has  been  formed, 
however,  it  proceeds  more  rapidly.  When  the  decomposition  was  nearly 
complete  a  second  portion  of  sodium  hydroxide  and  the  nitroso  compound 
was  added  and  after  some  time  a  third  portion.  In  subsequent  decom- 
positions some  of  the  previous  mixture  was  added  to  hasten  the  start  of 
the  reaction. 

After  separating  the  laurolene  the  mixture  of  acids  formed  was  pre- 
cipitated with  sulfuric  acid  and  taken  up  and  extracted  with  ether.  The 
isocampholactone  was  separated  by  dissolving  the  acids  in  sodium  or 
potassium  carbonate  and  these  acids  after  precipitation  a  second  time  were 
subjected  to  fractional  distillation  under  the  low  pressure  obtained  by  a 

*  Ann.,  366,  I. 

*  Am,  Ckem.  /.,  35»  385- 
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Geryk  pump.  The  lactone  obtained  was  about  4  per  cent,  of  the  weight 
of  the  nitroso  compound  which  was  decomposed.  We  fimd  the  melting 
point  of  the  lactone  one  or  two  degrees  higher  than  that  given  by  Taveau 
and  four  or  five  degrees  higher  than  that  of  the  lactone  kindly  sent  us 
by  Professor  Bredt,  but  the  following  table  of  comparisons  leaves  no 
doubt  as  to  the  identity  of  the  compounds: 

Cis-Cahphonololactonb. 

From  nitraco  compoond.  Prom  reduction  of  campho* 

Noyes  and  Potter.  Miztore.        nonic  add.  Bredt. 

Melting  point les^'-idy*'            163^-165**                i6i*» 

[a ]d  in  alcohol — 20.2**                                      —16.8® 

(0.05  g.  in  I  cc.) at  28®                                        at  30** 

[aJD  in  alcohol — 22 .3® 

(o.x  g.  in  I  cc.) at  26** 

Os-Camfhonouc  Acn>. 

From  reduction  ot 
From  nitrooo  compound.       Mixture,    camphononie  add,  Bredt. 

Melting  point 202**-203**  201  ®-202**  201** 

[a io  in  alcohol +29.2**  +29.7® 

(o.i  g.  in  I  cc.) at  28®  at  30** 

Lactone  from  From  our 

nitroeo  compound.  Mixture.  hydroxy  add. 

Melting  point 165*^-167 *>  i65**-i67*  165^-167* 

[a ]d  in  alcohol — 20.2®  — 19.8® 

(0.05  g.  in  I  cc) at  28^  at  28^ 

Taveau^  gives  the  melting  point  of  his  hydroxy  add  as  189.5^.  Pro- 
fessor Bredt'  gives  the  melting  point  of  his  add  as  197-198®.  The  differ- 
ences are  doubtless  due  to  differences  in  the  rate  of  heating,  as  the  add 
is  rapidly  transformed  into  the  lactone  at  its  mdting  point  or  bdow  and 
slow  heating  may  depress  the  mdting  point  many  degrees.  Our  ther- 
mometer was  checked  by  testing  it  in  boiling  paratoluidine  and  found 
correct.  The  mdting  points  were  made  with  an  Anschiitz  thermometer, 
and  there  was  no  stem  correction  required. 

The  hydroxy  add  was  easily  converted  back  to  the  lactone  by  heating 
for  fifteen  minutes  at  255°.  The  conversion  is  practically  quantitative 
and  the  rotation  of  the  regenerated  lactone  is  almost  identical  with  that 
of  the  original,  indicating  that  no  molecular  rearrangement  has  occurred 
in  the  process. 

Camphononie  Acid  from  Cis-Camphonolic  Acid. — ^Five-tenths  of  a  gram 
of  camphonolic  add  was  mixed  with  3  cc.  of  Beckmann's  chromic  acid 
mixture"  (twice  the  theoretical  amount)  and  allowed  to  stand  over  night. 
Two  cubic  centimeters  of  dilute  sulfuric  add  (i  :  i  by  vol.)  were  added 
and  the  mixttu'e  allowed  to  stand  again  for  24  hours.    The  solution  was 

*  Am,  Ckem.  J,,  35,  386. 
'  Ann.,  366,  2. 

*  Ibid.,  250,  325. 
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dSuted,  extracted  with  ether  and  the  camphononic  add  was  crystallized 
by  dissolving  in  benzene,  evaporating  in  a  test  tube  on  the  water  bath 
tin  crystallization  began  and  adding  an  equal  volume  of  petroleum  ether. 
The  following  comparisons  with  the  camphononic  acid  from  camphan- 
amide  (see  above)  establish  its  identity: 

Camphononic  Acid. 

Prom  cftmphaaamidc  by  Frooi  our  hydrojcy 

Lapworta't  method.  MIztafe.         add  by  oxidatioo. 

Melting  point 229**-a30**  327^-338®            327-228* 

[or ]d  in  benzene +17.8**  +17.0* 

(0.024  g.  in  I  cc.) at  27.5®  at  27.5** 

[aj>  in  alcohol — 3 .9®  —3 -9* 

(o.o2[g.[^in^i'cc.) at  28®  at  39* 

Conclusions* 

1.  The  lactone  obtained  by  Taveau  by  the  decomposition  of  the  nitroso 
derivative  of  the  anhydride  of  aminolauronic  add  with  sodium  hydroxide 
is  identical  with  ds-camphonololactone  obtained  by  Bredt  by  the  reduc- 
tion of  camphononic  acid  and  the  corresponding  hydroxy  adds,  campho- 
ndic  add,  are  also  identical. 

2.  Camphonolic  add  has  been  oxidized  to  camphononic  add,  establish- 
ing more  completely  that  this  add  contains  the  hydroxyl  group  in  the 
same  position  as  the  secondary  carboxyl  of  camphoric  add. 

3.  The  amyl  ether  of  camphonolic  add,  C,H,|(OC,Hii)CO,H,  and  its 
copper  and  silver  salts  have  been  prepared.  The  free  add  is  a  viscous 
liquid. 

4.  Gs-camphonololactone  mdts  at  165-167^;  [a]j^  in  alcohol  (0.05  g. 
in  I  cc.)  at  28°  is  — 20.2**  or  at  26°  (o.  i  g.  in  i  cc.)  it  is  — 22. 3^ 

Cis-camphonolic  add  mdts  at  202-203®  when  rapidly  heated;  [0]^ 
malcohol  (o.  i  g.  in  i  cc.)  at  28®  is  +29.2**. 

Camphononic  add  mdts  at  229-230°;  [a]^^  in  benzene  (0.024  S'  ^  ^ 
cc.)  at  27.5**  is  +17.8®;  [a]  in  alcohol  (0.02  g.  in  z  cc.)  at  28'^is — ^3.9^ 

UXBANA,  ILUNOU. 


THE  ROLE  OF  OXIDASES  IN  THE  FORMATION  OF  CERTAIN  CON- 
STITUENTS OF  ESSENTIAL  OILS. 

[part  I.] 

Bt  Bbwjamim  T.  Bkooks. 
Receired  October  ao,  19x1. 

The  work  described  in  the  present  paper  was  tmdertaken  with  the 
object  of  throwing  some  light  on  the  manner  in  which  ketones  and  alde- 
hydes are  formed  in  certain  essential  oils. 

In  the  study  of  the  essential  oil  of  Michelia  champaca  L.^  it  was  noted 
that  an  energetic  oxidase  was  present  in  the  flowers,  and  on  investigating 

'  Brooks,  This  Journal>  33, 1763  (191 1). 
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the  oil  it  was  found  that  a  considerable  quantity  of  a  crystallin  ketone, 
CieHjoOj,  separated  from  the  oil  'and  that,  among  other  constituents, 
benzyl  alcohol,  benzaldehyde  and  benzoic  acid  were  present.  It  is  be- 
lieved that  these  oxidation  products  owe  their  existence  to  the  activity 
of  the  oxidizing  enz3rme  present  in  the  flowers.  Thus,  Battel!  and  Stem* 
and  Jaquet'  have  shown  that  benzyl  alcohol  is  readily  oxidized  by  an 
oxidase  prepared  from  certain  animal  tissues. 

According  to  Lecomte'  the  vanilla  plant  contains  an  oxidase  and  the 
pods  richest  in  vanilla  showed  the  strongest  oxidase  reactions.  He 
considers  that  the  aldehyde  is  formed  by  the  oxidation  of  coniferyl  alco- 
hol. Anisic  alcohol  and  anisic  aldehyde  are  present  in  very  small  pro- 
portions. 

The  work  of  the  chemists  of  Roure-Bertrand  Fils  on  oil  of  peppermint 
and  that  of  Schimmel  and  Company  on  oil  of  caraway  is  particularly 
suggestive.  The  former  chemists  have  shown*  that  menthone  is  formed 
in  Mentha  piperita  chiefly  when  the  plant  blossoms  and  that  it  is  apparently 
formed  at  the  expense  of  menthol.  Plants  systematically  deprived 
of  their  inflorescences,  or  affected  by  parasites  so  that  the  blossoms  do 
not  develop  normally,  contain  only  a  very  low  per  cent,  of  menthone, 
approximately  3  per  cent,  instead  of  10  to  15  per  cent.,  which  is  the 
proportion  of  the  ketone  contained  in  the  oil  distilled  from  normal  healthy 
plants.  Similar  relations  were  found  to  hold  in  the  case  of  absinth,* 
Artemisia  absynthum  L.,  and  verbena,  Verbena  triphylla  L.* 

It  was  shown  by  the  chemists  of  Schimmel  and  Company^  that  oil  of 
caraway  consists  principally  of  limonene  and  carvone.  Plants  deprived 
of  their  inflorescences  gave  neither  of  these  substances.  Plants  in  flower 
yielded  an  oil  containing  limonene  and  a  little  carvone  while  in  the  oil 
distilled  from  mature  plants  carvone  predominated. 

The  above  considerations  suggested  a  search  for  an  oxidizing  enzyme 
in^peppermint,  caraway  and  certain  other  plants  which  yield  essential 
oils  containing  ketones  or  aldehydes  as  important  constituents. 
-The  method  of  procedure  was  practically  the  same  for  all  the  plants 
examined.  The  fresh  plants  were  ground  with  clean  quartz  sand  and  a 
little  water  to  a  paste,  the  juice  squeezed  out  through  a  cloth  and  then 
filtered  through  paper.  The  reagents  used  in  testing  for  the  oxidase 
were  tincture  of  guaiac  resin,  the  indophenol  reagent  of  Rdhmann  and 

•  Biochem.  Z.,  28,  145. 

'  Arch,  exper.  Path.  Pharm.,  29,  386  (1892). 

•  Compu  rend.,  133,  745. 

^  Bull.  Roure-Bertrand  Fils.,  [i]  i,  16  (1900);  [i]  5,  22  (1902);  [i]  8,  31  (1903). 
Also  Charabot,  Compt.  rend.,  130,  518;  Bull.  soc.  chim.,  [3]  23. 

•  Bull.  Roure-Bertrand  Fils,  [2]  3,  5  (1906). 

•  Ibid.,  [2]  4,  9  (1906). 

T  Schimmel  and  Co.,  Semi-annual  Rep.,  2,  24  (1896). 
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^itzer,  phenolphthalin  and  pyrogallol.  Phenolphthalin  often  gave 
uncertain  results,  owing  to  the  dark  brown  color  of  the  extracts,  which 
cdor  was  intensified  by  the  addition  of  alkali,  thus  obscuring  the  pink 
or  red  color  devdoped  by  the  alkali  and  the  phenolphthalein  formed. 

The  Oxidase  in  Carum  carvi  L. — ^In  the  examination  of  caraway,  the 
gieen  seeds  were  used,  'the  extract,  made  as  described  above,  gave 
positive  tests  for  an  oxidase  although  the  reactions  were  not  as  pronounced 
as  in  the  case  of  the  mints,  probably  owing  to  the  comparatively  dry, 
npe  condition  of  the  seeds  employed. 

The  Oxidase  of  Peppermint. — The  oxidizing  enzyme  in  Mentha  piperita 
is  localized  chiefly  in  the  inflorescence.  This  is  strictly  parallel  with  the 
results  of  Charabot  on  the  distribution  of  menthone  in  the  peppermint 
plant  The  plants  were  examined  for  oxidases  before  and  during  the 
flowering  period  and  in  the  latter  case  the  leaves  and  inflorescences  were 
tested  separately.  Before  flowering,  feeble  but  positive  reactions  were 
obtained.  The  flower  stalks,  on  the  other  hand,  gave  beautiful  positive 
lesults,  the  extracts  being  much  more  active  than  extracts  of  the  leaves 
alone  or  oi^the  whole  plants  before  the  flowering  period.  Colorimetric 
oomparison  of  equivalent  quantities  of  extract  with  equal  quantities  of 
leagent  was  the  nearest  approach  to  a  quantitative  method  of  several 
niethods  that  were  tried.  Pyrogallol  was  not  oxidized  by  peppermint 
Gctract  so  the  quantitative  method  proposed  by  Chodat  and  Bach, 
depending  upon  weighing  the  purpurogallin  formed,  was  not  applicable. 

In  every  case  in  which  active  solutions  were  obtained,  the  activity 
was  lost  after  standing  ten  or  twelve  hours.  This  behavior  is  similar 
to  that  of  the  zymase  of  pressed  yeast  juice  in  that  the  loss  in  activity 
of  the  enzyme  is  accompanied  by  a  proteolytic  digestion  of  the  soluble 
{Steins  in  the  extract.  Thus  a  freshly  prepared  extract  of  green  pepper- 
Qunt  gave  a  heavy  precipitate  on  heating  to  100^,  whereas  a  portion  of  the 
same  extract,  after  standing  eight  hours  with  a  littie  chloroform  as  an 
antiseptic,  yielded  only  a  slight  turbidity  on  heating  to  the  same  tempera* 
tore.  No  evidence  was  obtained  of  the  presence  of  a  cyano-genetic  gluco- 
ade.  The  extract  from  400  grams  of  peppermint  flower  stalks  was  allowed 
to  stand  24  hours  and  then  distilled  with  steam.  No  trace  of  hydro- 
cyanic acid  was  detected  in  the  concentrated  distillate  by  the  ferric 
thiocyanate  test. 

The  instability  of  the  enzyme,  in  the  form  of  its  aqueous  extract,  rendered 
oncertain  an  attempt  to  oxidize  menthol.  Fifty  cubic  centimeters  of 
extract  were  prepared  from  100  grams  of  peppermint  blossoms  and  to 
one-half  of  the  extract  2  grams  of  menthol  crystals  were  added.  Both 
portions  of  the  solution  were  then  shaken  in  a  shaking  machine,  the  air 
5n  the  apparatus  being  displaced  by  oxygen.  The  absorption  of  the 
coygen  was  measured  by  means  of  gas  burettes  connected  with  the  ap- 
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paratus.  Both  solutions  absorbed  practically  the  same  amount  of  oxygen. 
During  the  first  ten  minutes,  8.3  cc.  of  oxygen  were  absorbed  by  each  solu- 
tion, 5.2  cc.  during  the  second  ten  minutes  and  thereafter  the  rate  of  ab- 
sorption diminished  steadily  imtil  after  three  hours  all  absorption  of  gas 
ceased  and  the  solutions  were  found  to  be  inactive  to  the  oxidase  reagents. 
The  added  menthol  was  recovered  by  steam  distillation  and  the  presence 
of  menthone  could  not  be  proven.  The  action  of  other  oxidases  on  ter- 
pene  alcohols  will  be  tested  in  the  continuation  of  the  investigation. 

Heating  to  100*^  for  a  few  moments  completely  destroyed  the  activity 
of  all  the  extracts  which  showed  positive  reactions  for  an  oxidase. 

Precipitation  of  the  enzyme  with  ^cohol,  or  alcohol  and  ether  gave 
precipitates  which,  when  filtered  off  and  shaken  with  water,  still  showed 
the  oxidase  reactions  but  so  greatly  diminished  in  intensity  that  further 
purification  by  this  means  was  not  attempted. 

It  is  probable  that  all  of  the  mints  contain  such  an  oxidase,  since  active 
extracts  were  prepared  from  the  flower  stalks  of  Mentha  piperita,  Mentha 
viridis,  Mentha  crispa,  Mentha  sylvestris  and  Mentha  gentilis.  According 
to  Schimmel  and  Company,^  the  oil  of  Mentha  sylvestris  contains  a  rela- 
tively large  amount  of  pulegone.  The  oil  of  curly  mint,  or  Mentha  crispa^ 
contains  carvone.  It  should  be  noted  too  that,  in  addition  to  menthone, 
American  oil  of  peppermint  has  been  shown  to  contain  acetaldehyde, 
isovaleraldehyde  and  the  two  acids  corresponding  to  these  aldehydes.' 

Peppermint  extracts  which  gave  strong  oxidase  reactions  contained 
no  peroxides  in  amounts  sufficient  to  be  detected  by  the  starch  iodide 
reaction. 

In  addition  to  an  oxidase,  peppermint  plants  contain  catalase.  An 
extract  amounting  to  60  cc.  was  prepared  from  25  grams  of  peppermint 
blossoms.  Five  cc.  of  this  extract  liberated  42  cc.  of  oxygen  in  six  minutes 
from  10  cc.  of  a  3  per  cent,  hydrogen  peroxide  solution. 

The  presence  of  catalase  in  peppermint  and  other  plants  considered 
in  this  paper  makes  it  extremely  improbable  that  the  ketones  and  alde- 
hydes under  discussion  result  from  ordinary  hydrogen  peroxide  oxida- 
tion. The  occurrence  of  traces  of  hydrogen  peroxide  in  green  plants 
is  a  point  in  dispute.  At  any  rate  it  is  a  fact  that  when  hydrogen  per- 
oxide is  decomposed  by  catalase,  molecular  or  inactive  oxygen  is  liberated.* 
Thus,  tincture  of  guaiac  resin  is  not  colored  nor  can  uric  acid  or  xanthine 
be  oxidized  by  hydrogen  peroxide  in  the  presence  of  catalase.  H.  D. 
Dakin^  has  recently  prepared  ketones  by  oxidation  with  hydrogen  per- 
oxide of  saturated  fatty  acids.     He  prepared  in  this  way  methylnonyl 

'  Schimmel  and  Co.,  Semi-annual  Rep,,  i,  126  (1910). 
'  Power  and  Kleber,  Arch,  Pharm.,  233,  639  (1894). 

•  Shaffer,  Am.  J.  Physiol.,  14,  299  (1905). 

*  Am,  Chem.  /.,  44,  41  (1910);  /.  Biol,  Chem,,  4,  221. 
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ketone  from  lauric  acid,  tnethylheptyl  ketone  from  caproic  acid  and 
methylamyl  ketone  from  caprylic  acid.  The  first  two  ketones  are  found 
as  the  major  constituents  in  oil  of  rue  and  Dakin  tentatively  suggested 
that  the  aldehydes  and  ketones  found  in  essential  oils  might  be  formed 
in  the  manner  just  indicated.  The  evidence  against  this  h3rpothesis, 
for  the  case  under  consideration,  is  as  follows :  Neither  lauric  nor  caproic 
adds  have  been  found  in  oil  of  rue.  Power  and  Lees^  found  acetic  and 
valeric  adds  and  Houben'  detected  the  presence  of  a  small  proportion 
of  caprylic  add.  Moreover,  Power  and  Lees  found  the  two  corresponding 
akohols,  n.  methylheptyl  carbinol  and  n.  methylnonyl  carbinol,  in  oil 
of  me.  Finally,  I  have  shown  that  ordinary  rue,  Ruia  graveolens,  con- 
tains catalase.  The  aqueous  extract  from  two  grams  of  the  leaves,  pre- 
pared by  grinding  in  a  glass  mortar,  liberated  65  cc.  of  oxygen  from  10 
cc  of  3  per  cent,  hydrogen  peroxide  in  the  short  interval  of  60  seconds. 
The  formation  of  these  ketones  in  Ruia  graveolens  by  hydrogen  peroxide 
oxidation  according  to  Dakin's  hypothesis  is  clearly  not  in  accord  with 
tile  facts.  It  should  be  noted  also  that  the  presence  of  catalase  does 
not  dhninish  the  oxidizing  power  of  the  oxidizing  enzymes.' 

As  in  the  case  of  the  two  ketones  in  oil  of  rue,  the  ketones  and  aldehydes 
of  essential  oils  are  usually  found  associated  with  the  corresponding  alco- 
hols or  adds,  as  menthone  and  menthol,  thujone  and  thujyl  alcohol, 
dtral  and  linalool  or  geraniol,  benzaldehyde  and  benzyl  alcohol,  isovaler- 
aUehyde  and  isovaleric  acid,  valeraldehyde  and  valeric  acid^  and  so  on. 
Also,  only  open  chain  ketones  or  aldehydes  may  be  obtained  by  Dakin's 
method,  and  one  carbon  atom  is  split  off  from  the  parent  substance. 

That  the  oxidation  products  under  consideration  may  be  formed, 
in  certain  cases,  by  autoxidation  independent  of  the  action  of  an  oxidizing 
enzyme,  is  not  entirely  excluded,  since  the  formation  of  aldehydes  by 
aatoxidation  of  the  corresponding  alcohols,  particularly  in  direct  sun- 
fight,  has  been  observed  by  Neuberg*  and  others.  However,  the  reaction 
is  quite  slow  unless  catalyzed  in  some  way.  This  is  undoubtedly  the 
function  of  the  oxidases.  According  to  Bach*  and  others  the  substance 
upon  which  the  oxidase  acts  must  be  capable  of  slow  oxidation  by  the 
oxygen  of  the  air,  and  the  enz3mie  is  assumed  to  accelerate  this  reaction. 
That  smilight  alone  is  not  this  accelerating  factor  is  highly  probable  in 

'  Pfoc.  Ckem,  Soc.,  189  193. 

'B«f.,  35,  3587. 

'  Abderhalden,  Handbuch  der  Biochem.  Arbeitsmeikoden,  Berlin,  3,  68  (19 10). 

*  Henderson  and  Sutherland,  /.  Chem.  Soc.,  London,  99,  1541  (191 1),  found  that 
■ocamphenilic  add. could  not  be  formed  by  oxidation  of  the  corresponding  aldehyde 
bj  hydrogen  peroxide. 

*  Biochem.  Z.,  27,  370  (1909). 
•F^f.,  43,  368(1910). 
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view  of  the  results  of  Ciamician  and  Silber*  who  have  shown  that  cyclic 
ketones  are  invariably  split  by  autoxidation  in  direct  sunlight  yielding 
a  series  of  products  not  found  in  natural  oils.  The  readiness  with  which 
unsaturated  organic  compounds  tmdergo  autoxidation  with  the  inter- 
mediate formation  of  organic  peroxides,*  and  the  rapidity  with  which 
essential  oils  deteriorate  through  oxidation  when  kept  in  poorly  stoppered 
bottles,  is  well  known.  Autoxidation  alone,  however,  cannot  explain 
all  of  the  facts  observed. 

Charabot  considered  that  the  more  pronounced  oxidation,  which 
took  place  in  the  inflorescences  of  the  peppermint,  was  due  to  the  greater 
respiratory  activity  of  this  part  of  the  plant.  However,  many  biological 
oxidations  are  known  to  take  place  through  the  medium  of  oxygen 
"carriers''  and  the  reactions  under  discussion  are  apparently  examples 
of  such  a  process. 

The  Enzymes  in  Valerian  Root — Valerian  oil  contains  isovaleraJdehyde 
and  isovaleric  acid.'  The  bomeol  ester  of  this  acid  is  one  of  the  major 
constituents  of  the  oil.  Carles^  showed  that  the  root  also  contains  an 
oxidase.  An  aqueous  extract  of  the  ground  root  does  not  develop  the 
valerian  odor,  on  standing,  if  previously  boiled.  The  addition  of  a  little 
extract  brings  out  the  odor  and  Carles  attributed  this  behavior  to  the 
oxidase.  I  have  investigated  the  question  further  and  have  confirmed 
the  experimental  work  of  Carles  but  I  have  found  that  the  development 
of  the  rancid  valerian  odor,  in  the  root  extract,  is  due  to  the  liberation 
of  isovaleric  acid  by  a  fat  splitting  enzyme,  or  lipase.  This  is  shown  by 
the  following  experiments.  On  standing  a  few  hours  the  uncooked  ex- 
tract develops  a  rancid  odor  suggestive  of  free  isovaleric  acid.  As  shown 
by  Carles,  the  odor  is  not  produced  in  a  cooked  extract.  Addition  of 
emulsin  or  of  potato  oxidase  does  not  develop  the  odor.  Dilute  sul- 
furic acid  slowly  brings  out  the  odor  and  finally  it  was  found  that  a  small 
quantity  of  fresh  extract  splits  ethyl  isovalerate,  yielding  the  free  acid. 
Three  grams  of  fresh  roots  were  crushed  in  a  mortar  and  shaken  with 
25  cc.  of  water  and  two  grams  of  ethyl  isovalerate.  Two  drops  of  chloro- 
form were  added  as  an  antiseptic.  After  twenty-four  hours  at  approxi- 
mately 20°  the  solution  was.titrated  and  0.141  gram  free  isovaleric  acid 
was  found,  16  cc.  of  N/10  alkali  being  required  for  neutralization.  A 
control  experiment  made  with  a  cooked  extract  showed  no  free  acid. 
The  liberation  of  the  vile  and  rancid  smelling  isovaleric  acid  is,  therefore, 
due  to  the  action  of  a  lipase  on  the  ester  and  it  is  probable  that  one  effect 

»  Ber.,  40,  2419  (1907);  4lr  1071,  1928  (1908);  42,  945,  1510  (1909)- 

'  Engler  and  Weissberg,  Ber.,  31,  3046  (1898);  33,  1090  (1900).  Dunlop  and 
Schenk,  This  Journal,  25,  826  (1903).  Brooks,  PhU,  J.  Set,,  Sec^  A.,  aig  (1910); 
Chemical  News,  Jan.  19,  19 10. 

'  Bertram  and  Gildemeister,  Arch,  Pharm,,  228,  483  (1890). 

*  J,  Pharm,,  [4]  la,  148. 
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of  the  oxidase  is  the  f  onnation,  in  the  growing  plant,  of  isovaleric  add 
torn  isovaleraldehyde,  or  yet  more  complicated  substances.  The  free 
acid  must  then  combine  with  bomeol,  since,  as  shown  by  the  chemists 
ci  Roure-Bertrand  Fils,^  esterification  of  terpene  alcohols  takes  place 
with  much  greater  rapidity  in  the  growing  plant  than  when  a  xnixture 
of  the  pure  alcohol  and  acid  is  allowed  to  stand.  These  authors  considered 
that  the  rapid  esterification  in  the  plant  was  caused  by  dehydration 
cooditkms  in  the  chlorophyll  grains  and  the  presence  of  an  enzyme  which 
enabled  a  state  of  equilibrium  to  be  quickly  reached.  They  do  not  mention 
having  investigated  any  of  the  plants  studied  by  them  for  a  lipase.  The 
fading  of  a  lipase  in  valerian  supports  their  hypothesis,  although  it  is 
possible  that  the  root  is  not  the  seat  of  formation  of  the  bomeol  isovalerate. 
It  should  be  noted  also  that  when  old  valerian  roots  are  distilled  with 
steam  the  aqueous  distillate  contains  a  considerable  quantity  of  free  iso- 
valeric add,  and  indeed  the  add  owes  its  discovery  to  this  fact. 

Oils  Containing  Thujone. — Oil  of  tansy,  distilled  from  Tanacetum  vulgare 
L-,  contains  a  high  per  cent,  of  thujone  and  probably  also  thujyl  alcohol.' 
An  oxidase  was  prepared  from  the  leaves  of  this  plant  by  gx4nding  with 
sand  as  described  above.  The  reactions  with  guaiac  and  the  indophenol 
reagent  were  particularly  sharp. 

The  essential  oil  of  Thuja  occidentalis  contains  thujone  and  fenchone.' 
The  leaves  also  contain  an  oxidase,  as  was  shown  by  employing  the  sanfe 
methods  and  reagents  noted  above.  The  aqueous  extracts  contained  a 
large  quantity  of  mucilaginous  material  and  consequently  the  method 
of  partial  predpitation  with  magnesium  sulfate  and  alcohol,  recently 
recommended  by  Bach/  was  employed  to  advantage. 

Ois  Containing  Pidegone. — ^In  addition  to  Mentha  sylvestris,  mentioned 
above,  an  oxidase  was  found  in  Satureja  moniana  L.,  and  Calamintha 
officinalis  Muh.  The  compositions  of  the  essential  oils  of  the  two  latter 
species  are  not  accuratdy  known,  but  as  pennyroyal  was  not  available 
the  dosely  related  spedes  Satureja  montana^  having  an  odor  similar  to 
pomyroyal,  was  tested  for  oxidases  and  with  positive  results.  The 
inflorescences  gave  the  strongest  reactions. 

Calamintha  nepeta  jridds  an  essential  oil  containing  a  large  proportion 
^  pul^one  and  menthone,  but  as  it  was  not  available  the  dosdy  rdated 
spedes  Calamintha  officinalis  Muh.  was  examined.  The  latter  spedes 
smelled  strongly  of  pulegone  and  gave  positive  results  when  examined  for 
an  oxidase.  The  strongest  reactions  were  obtained  with  extracts  of  the 
inflorescences. 

*  Bull.  Roure-Bertrand  Fits,  [i]  4*  i8  (1901). 

'  Bniylants,  Ber,,  xi,  449  (1878). 

'WaUach,  Nachr,  K,  Ges.  Wiss.  GSttingen,  x,  11  (1901). 

*^«'»43.  362  (1910). 
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Two  distinctly  negative  results  were  obtained,  which  are  interesting 
m  that  they  are  in  harmony  with  the  theory  proposed.  No  reaction  for 
an  oxidase  was  obtained  with  aqueous  extracts  from  two  varieties  of  culti- 
vated roses.  German  otto  of  rose  contains  a  very  small  proportion  of 
citral  and  a  trace  of  nonyl  aldehyde.  The  extracted  oil  may  contain 
as  much  as  75  per  cent,  phenylethyl  alcohol^  but  it  is  not  known  to  con- 
tain phenylacetaldehyde  or  phenylacetic  acid. 

Negative  results  were  also  obtained  with  Andropogon  schoenanthus, 
which  yields  palma  rosa  oil.  This  oil  may  contain  as  high  as  93  per  cent, 
of  geranicd  in  addition  to  citronellol  and  dipentene.  This  is  in  marked 
contrast  with  the  very  closely  rdated  Andropogon  grasses  which  yield 
lemon  grass  and  citronella  oils,  both  of  which  contain  citral  and  citrondlal 
as  their  major  constituents.  These  'species  will  be  examined  when  the 
material  is  available. 

The  presence  of  an  oxidase  probably  accounts  for  the  fact  that  the 
perfumes  of  certain  flowers  deteriorate  rapidly  after  picking,  particularly 
if  bruised,  as  is  the  case  with  champaca  and  gardenia  flowers.  The  author 
ventures  the  opinion  that  flowers  showing  marked  reactions  for  oxidases 
are  not  treated  to  the  best  advantage  by  the  enfleurage  method. 

The  action  of  oxidases  from  various  sources  on  terpene  alcohols  will 
be  taken  up  in  the  second  paper  on  this  subject. 

GOttinobn,  Gbrmany. 
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I.  Introdttction. 
In  a  previous  article,*  the  author  has  shown  that  the  free  energy  of 
ionization  for  negatively  substituted  monobasic  paraflSn  acids  in  water 
solution  at  25^  is  made  up  additively  of  the  separate  effects  of  each  atom 
within  the  molecule.  Because  of  this  fact,  it  was  shown  that  the  position 
of  a  negative  substituent  in  a  paraflSn  add  could  be  determined  with 
certainty  if  its  a  place  factor  and  the  ionization  constant  of  this  nega* 

*  V.  Soden,  /.  praki.  Chem.,  [2]  69,  265  (1904). 

*  This  Journal,  ^,  1181  (191 1). 
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tivdy  substituted  para£Sn  add  were  known.  The  advantages  of  this 
method  for  the  determination  of  structure  over  methods  that  use 
physical  properties  were  pointed  out.  In  the  first  place,  no  high  degree 
of  parity  is  necessary  if  the  substituent  is  in  the  a,  ^,T^^^  positions,  which 
is  usually  the  case.  A  second  advantage  is  due  to  the  fact  that  no  ex« 
pensive  apparatus  and  no  exceptional  skill  are  required  to  m^sure  the 
ionization  constant  within  the  necessary  limits.  On  the  other  hand,  it  was 
siiown  that  in  the  calculation  of  the  ionization  constants  from  structure 
a  much  greater  accuracy  in  the  measurements  of  the  ionization  constants 
is  required.  Tables  were  given  showing  that  the  ionization  constants 
ior  negatively  substituted  parafSn  acids  could  be  calculated  with  a  degree 
d  accuracy  equal  to  that  obtained  in  the  measured  values.  This  last 
fact  constituted  a  rigid  test  of  the  statement  that  the  free  energy  of  ion- 
iation  is  made  up  additivdy  of  the  separate  influence  of  each  atom  in 
tbe  molecule.  Finally,  it  was  shown  that  for  the  non-ionizing  negative 
radicals,  Q,  Br,  I,  OH  and  C^H,,  the  place  factors  for  the  positions  a, 
^,Tt8,  etc.,  possessed  the  following  simple  relationship  a,  a/3,  a/9,  a/27, 
etc.,  respectively.  It  was  also  shown  that  even  though  a  negative  radical 
did  not  obey  this  "rule  of  thirds,"  its  effect  upon  the  free  energy  of  ion- 
ization was  still  additive  and  from  the  experimentally  determined  place 
bctors  for  the  different  positions  of  substitution,  structures  and  ioniza- 
tion constants  for  such  negatively  substituted  paraffin  acids  could  be 
deteraiined. 

3.  Place  Factors  for  Negative  Radicals  in  Aromatic  Acids. 

It  is  the  purpose  of  this  paper  to  show  that  the  additive  relationship 
m  the  free  energy  of  ionization  holds  for  the  complex  benzene  derivatives 
d  tte  aromatic  series.  It  is  therefore  possible  to  determin  the  structure 
or  ionization  of  negatively  substituted  benzoic  acids  if  the  ortho,  meta 
and  para  place  factors  are  known  for  each  negative  radical. 

In  the  calculation  of  the  place  factors,  the  influence  of  all  of  the  atoms 
in  the  molecule  upon  the  ionization  was  defined  as  proportional  to  i  /log  K, 
where  K  is  the  mass  law  constant.  Hence  this  influence  is  inversely 
proportional  to  the  free  energy  of  ionization  according  to  the  expression 
A  =  RT  log  K  where  A  is  the  free  energy  of  ionization,  for  R  and  T 
(since  aU  measurements  are  made  at  25°)  are  constant.  In  order  to 
detemiin  the  place  factor  for  the  given  negative  radical  or  atom  in  a 
given  negatively  substituted  benzoic  acid  it  becomes  necessary  to  determin 
the  effect  of  all  the  other  atoms  in  this  acid.  This  is  accomplished  as 
follows.  In  salicylic  acid,  the  ortho  hydroxyl  place  factor  is  desired, 
leaving  out  of  consideration  this  hydroxyl  group,  the  other  atoms  in 
&e  molecule  of  salicylic  add  differ  from  the  corresponding  unsubstituted 
benzoic  add,  by  a  ^gle  hydrogen  atom.  The  influence  of  all  the  atoms 
in  benzoic  add  is  defined  as  proportional  to  i/log  K  and  this  may  be 
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taken  as  the  summation  of  the  mfluences  of  the  atoms  in  salicylic  acid, 
excepting  the  influence  of  the  ortho  hydroxyl  group,  thereby  neglecting 
the  influence  of  a  single  hydrogen  atom,  which  is  justifiable,  if  it  has  a 
small  value,  since  it  occurs  additively  in  the  above.  The  ratio  of  the 
influence  upon  the  ionization  of  the  atoms  in  salicylic  add  to  the 
atoms  in  benzoic  acid  is  then  determined  as  follows : 

Salicylic  ^ i i ^  — 4.17457^  _  1.399 

Benzoic       Log  K  (salicylic)  '  Log  K  (benzoic)       — 2.98297  i 

The  influence  of  the  ortho  hydroxyl  group  upon  the  ionization  or  its  place 
factor  is  therefore  1.399  —  i.ooo  =  0.3990.  The  value  for  the  ionization 
constant  of  benzoic  acid  is  taken  as  6.69  X  10-'  and  is  the  average  of 
three  determinations  reported  by  Lunden  in  his  pamphlet,  "AflSni- 
tatmessungen  on  schwachen  Sauren  tmd  Basen." 

In  Table  I  are  given  the  ortho,  meta,  and  para  place  factors  for  different 
negative  radicals  and  atoms  for  benzoic  add,  calculated  in  the  same  man- 

Tabus  I. — ^Flacs  Factors  op  the  Nbgativb  Radicals  in  Monobasic  Aromatic  Acids« 

Radical. 


Aromatic  add. 


Name.  Ka* 

o-Aoetohydroxybenzoic 3.33  X  10' 

ffi-Acetohydroxybenzoic 9.9    X  10" 

^-Acetohydrocybenzoic 4.2    X  10' 

Phthalaldehydic 3.6    X  10* 

o-Benzoylbenzoic 3.7    X  10" 

o-Bromobenzoic i  -45  X  lo' 

Phthalic 1 .21  X  lo- 

l90phthalic 2.9    X  iC 

Tetephthaiic 1.5    X  10" 

Methyl  phthalate 6.56  X  lo' 

Ethyl  phthalate 5-5i  X  lo" 

(>-Chlor6beiizoic i  .32  X  io~ 

ffi-Chlorobeiizoic i  •  55  X  10' 

^-Chlorobenzoic 9.3    X  10' 

m-Cyanobenzoic i  .99  X  10' 

ff»-Fluorobenzoic 1.4    X  io~ 

♦a-Hydroxybenzoic i  .04  X  lo" 

ffi-Hydroxybenzoic i  .04  X  10" 

^-Hydroxybenzoic 2.9    X  10" 

o-Iodobenzoic i  •  37  X  10" 

ifi-Iodobenzoic 1.6    X  10' 

Methylsalicylic 8.1    X  lo" 

♦o-Nitrobcnzoic 6.3    X  10' 

*m-Nitrobeiizoic 3 .44  X  lo" 

^-Nitrobenzoic 4.0    X  lo' 

o-Methylolbenzoic 1.5    X  lo" 


Log  Ka.>  Formula.     Position. 

—3.47756  CHjCX),—  o 

— ^4.00436  CHjCO, —  m 

—4.37675  CH,CO,—  p 

— 4.44370  HCO—  o 

—3.43180  C^^CO—  o 

— 2.83863  Br —  o 

— 2. 9172 1  COjH —  o 

— 3-53760  CO,H —  ffi 

—3.82391  COJH—  p 

— 3 . 1 83 10  COaCH,—  o 

—3.25885  CO,CA  0 

— 2.87943  CI—  o 

— 2 .  80967  CI —  m 

—4.03156  CI —  p 

— ^3.70115  CN —  m 

—3 .  85387  F—  ^ 

—2.98297  (OH)—  o 

—4  07935  (OH)—  m 

—4.53760  (OH)—  p 

— 2.86328  I —  o 

— 3.79588  I —  m 

— ^4.09151  CH,0 —  o 

— 2 .  20066  NO, —  o 

— ^3.46344  NO, —  m 

—3-39794  NO,—  p 

—3 .  8239 1  CH,OH—  o 


Place 
factor. 

0.200 
0.0425 
0.0462 
.0606 
+  0.216 
0.471 
0.431 
0.180 
0.093 
O.311 
0.381 
0.450 
0.486 
0.0355 
0.128 
0.0832 

0.399 
0.0233 

.0800 

0.458 

0.0997 

0.0204 

0.897 

0.205 

0.239 

0.0917 


^  Log  K  is  expressed  as  a  negative  logarithm. 

*  Adds  so  marked  have  been  measured  by  two  or  more  investigators. 
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ner  as  iDustrated  with  the  ortho  hydroxyl  place  factor.  The  data  are 
taken  from  Lunden's  work  just  referred  to.  Prom  the  experimental 
study  now  in  progress  in  this  laboratory  it  is  evident  that  in  most  cases 
the  third  figure  in  these  place  factors  is  doubtful,  but  no  final  word  can 
be  said  on  this  point  until  a  thorough  study  of  the  field  has  been  completed. 

3.  Calcolated  Ionization  Constants  of  Sobftitated  Benzoic  Acids. 

From  the  place  factors,  given  in  Table  I,  the  calculated  ionization  con- 
stants for  the  substituted  benzoic  acids,  given  in  Table  II,  were  com- 
pBtd.  The  method  of  calculation  is  the  reverse  of  that  just  given  under 
"Place  Factors  for  Negative  Radicals  in  Aromatic  Acids."  From  the 
il{ebraic  sum  of  the  place  factors  representing  the  substituents  in  the 
add  whose  ionization  constant  is  desired,  the  above  ratio  of  substituted 
benzoic  add  to  benzoic  acid  is  determined  and  solved  for  the  negative 
lo(;arithni  of  the  desired  ionization  constant,  from  which  the  algebraic 
^oe  of  the  constant  is  determined. 

In  all  the  acids,  the  calculated  and  experimental  value  for  the  ion- 
zatkn  constant  fall  within  the  same  order.  In  twelve  out  of  the  twenty 
acids  considered,  the  first  significant  figure  in  the  calculated  and  ex- 
perimental values  are  identical.  It  is  very  doubtful  if  the  experimental 
results  are  known  with  an  accuracy  beyond  this  figure  in  the  majority 
tf  cases,  as  will  be  shown  in  the  experimental  study  of  these  place  factors. 
In  the  cases  where  the  experimental  ionization  constants  have  been 
QKasared  by  two  or  more  investigators,  the  agreement  with  the  calculated 
values  is  much  closer.  Such  acids  have  been  marked  by  an  asterisk  in 
Table  II,  from  which  we  find  the  difference  between  the  experimental 
and  calculated  values  to  be  7.4%,  1.7%,  33%,  12%  and  9.9%.  In  all 
but  one  of  the  cases,  the  difference  is  well  within  the  experimental  error 
and  the  additive  relationship  of  the  place  factors  seems  to  be  clearly  es- 
tablished. On  the  other  hand,  the  place  factors  representing  a  single 
Viirogen  must  be  very  small,  since  it  was  neglected  in  the  calculation 
i  the  place  factors  for  other  radicals.  However,  the  final  word  can  be 
sud  only  after  a  careful  experimental  determination  of  the  above  place 
teors. 

4-  Determination  of  Structure  of  Substituted  Benzoic  Adds  from  their 
Ionization  Constants  by  Means  of  Place  Factors. 

The  problem  of  determining  the  structures  of  negatively  substituted 
acids  from  their  ionization  constants  is  much  more  complex  than  in  the 
corresponding  substituted  paraffin  acids.  In  the  first  place  the  rule 
^  thirds  does  not  apply,  nor  is  there  any  apparent  simple  relationship 
between  the  place  factors  for  a  given  group  for  the  ortho,  meta  and  para 
portion.  Hence  the  experimental  ortho,  meta  and  para  place  factors 
for  each  negative  radical  must  be  determined.    These  values,  once  ac« 
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cnrately  determmed,  make  it  possible  to  calculate  from  the  ionizatioii 
amstant,  the  structure  of  polysubstituted  benzoic  adds,  where  the  sub- 
stituent  is  a  negative  radical.  The  method  will  be  illustrated  as  follows: 
A  pdyhydroxy  benzoic  acid  has  been  prepared  and  its  ionization  constant 
has  been  measured.  From  its  molecular  weight  and  reaction  with  acetyl 
cUoride,  two  hydroxyl  groups  are  known  to  be  present.  We  are,  there- 
iore,  dealing  with  a  dihydroxybenzoic  add.  Theoretically,  the  following 
six  are  possible:  CO^  :  OH  :  OH  =-1:2:3;  1:2:4;  1:2:5; 
1:2:  6;  I  :  3  :  4;  I  :  3  :  5. 

Tbe  algebraic  sum  of  the  place  factors,  corresponding  to  the  hydroxy! 
Snup  in  each  of  the  possible  dihydroxybenzoic  adds  above,  are,  from 
Tabic  I,  respectively : 

(1)  (2)  (3) 

<>-(OH)  -  0.399  o-(OH)  -      0.399  a-(OH)  -  0.399 

«i-(OH)   -  0.023  P-IOH)  -  —0.080  ii»-(OH)  -  0.023 


a  +  i»  —  0.422  0  ^  p  m,    0.319  a  +  f»  •-  0.422 

<4)  (5)  (6) 

o-(OH)  —  0.399  ii»-(OH)  —      0.023  «-(0H)  -  0.023 

o-(OH)  -  0.399  p-iOB)  -  —0.080  fiH(OH)  -  0.023 


0  +  o-(OH)  —  0.798  !»  +  /»  —  — 0.057      m  +  m-(OH)  -  0.046 

The  ionization  constant  of  the  unknown  dihydroxybenzoic  add  is  found 
to  be  3.3  X  lo"*,  from  which  the  experimental  place  factor,  representing 
the  algebraic  sum  of  the  place  factors  for  the  two  hydroxyl  groups,  is 
calculated  to  be  — 0.068.  Obviously  the  hydroxyl  groups  must  be  in 
themeta  and  para  position  and  the  unknown  add  is  3,4-dihydroxybeiizoic 
add,  since  the  only  combination  of  two  place  factors  for  two  hydroxyl 
gnmps  whose  algebraic  sum  will  give  the  experimental  value,  — 0.068, 
is  that  represented  by  add  (5)  above. 

It  is  interesting  to  note  that  the  para  hydroxyl  group  behaves  like  a 
positive  radical,  decreasing  the  hydrogen  ionization  and  therefore  having 
a  native  place  factor  in  this  consideration. 

In  the  formation  of  new  poly-substituted  benzoic  adds,  this  method 
for  the  determination  of  structtu'e  may  be  used  very  effectively  to  deter- 
nun  whether  or  not  a  molecular  rearrangement  has  occurred  within  the 
iQoiecule  as  well  as  to  assign  structure. 

5.  Limitations  in  the  Use  of  Place  Factors  for  the  Determination  of 

Structure  in  the  Aromatic  Series. 

If  the  place  factor  for  a  given  group  in  the  ortho,  meta  or  para  position 
differ  but  little,  it  will  be  difficult  to  assign  the  structure  for  a  given 
ttomatic  add  unless  extreme  accuracy  in  the  meastu-ement  of  the  ioniza* 
tioQ  constant  is  possible  for  the  given  add.    A  study  of  Table  I   shows. 
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however,  that  this  difficulty  is  not  likely  to  interfere,  seriously,  in  the 
majority  of  cases. 

A  far  greater  difficulty  is  presented  by  the  fundamental  conception  of 
this  work,  namely,  that  the  factor,  representing  the  influence  upon  the 
ionization  of  all  the  atoms  in  the  molecule  (inversely  proportional  to  the 
free  energy  of  ionization),  is  made  up  additivdy  of  the  separate  influences 
of  each  atom.  This  means  that  each  atom  or  radical  exerts  its  influence 
upon  the  ionization  independent  of  the  other  atoms  or  radicals  and  that 
the  influence  upon  the  ionization  from  a  carboxyl  group  of  a  given  radical 
will  always  be  the  same  if  it  is  the  same  distance  from  the  ionizing  group. 
For  example,  m  2,3-  and  2,5-dihydroxybenzoic  acids,  the  two  hydroxyl 
groups  are  ortho  and  meta  to  the  carboxyl  group  in  both  acids.  This 
means,  if  the  above  additive  relationship  in  the  place  factors  is  correct, 
that  each  should  have  the  same  ionization  constant,  since  in  each  acid  the 
hydroxyl  groups  are  the  same  distance  from  the  ionizing  carboxyl  group 
according  to  the  hexagon  formula  for  benzene.  Experimentally  the 
ionization  constants  for  2,3-  and  2,5-dihydroxybenzoic  acids  are  1.06  X 
io~*  and  1.14  X  io~*,  respectively.  In  other  words,  the  substituent 
in  position  3  will  exert  the  same  influence  as  in  position  5  upon  the  car- 
boxyl group  in  position  i  independent  of  the  substituent  in  position  2  or 
6.  This  fact  is  a  peculiarity  of  the  meta  position  for  disubstituted  benzoic 
acids.  It  is  supported  by  many  calculations  in  Table  II  where  the  value 
of  the  place  factor  of  a  given  group  is  taken  for  the  ortho,  meta  or  para 
positions  without  regard  to  the  other  substituents  in  the  molecule. 

But  Kekul^'s  "Atomic  Linking  Theory"  predicts  a  difference  between 
the  2,3-  and  2,5-dihydroxybenzoic  acids  and  this  difference  has  been 
proven  experimentally.  Obviously,  if  the  additive  relationship  in  the 
place  factor  is  true,  as  the  above  work  has  shown  it  to  be,  then  the  differ- 
ence between  the  two  acids  -is  one  of  space  relationship,  since  the  relative 
distances  between  the  groups  in  the  2,3-  and  the  2,5-dihydroxybenzoic 
acids  must  be  the  same.  Ionization  cannot,  therefore,  be  used  to  deter- 
nun  this  difference  in  structure,  i.  e.,  it  will  not  distinguish  between  the 
3-  and  5-positions  in  disubstituted  benzoic  acids,  as  it  does  not  between  the 
same  positions  in  the  mono-substituted  benzoic  acids. 

6.  A  New  Proof  of  the  Equivalence  of  the  Positions    3  and  5    with 

Respect  to  Position  i  in  the  Benzene  Ring. 

Hiibner  and  Peterman*  first  proved  that  for  a  given  position  in  the 
benzene  ring  there  are  two  pairs  of  positions  which  with  respect  to  this 
given  position  are  equivalent.  They  observed  "that  ordinary  bromo- 
benzoic  acid  gives,  on  nitration,  two  isomeric  nitrobromobenzoic  adds. 
The  latter,  on  reduction,  yield  the  same  aminobenzoic  acid,  t.  e.,  anthranilic 

'  Ann,,  149,  129  (1869).    Also  Cohen's  "Organic  Chemistry  for  Advanced  Stu- 
dents," pages  438-444. 
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acid,  which  is  related  to  salicylic  acid."  In  other  words  in  the  pair  2-6, 
the  positions  2  and  6  in  the  benzene  ring  with  respect  to  i  are  equivalent. 
Later  Noelting  proved  the  same  fact,  as  have  numerous  other  investiga- 
tors. These  proofs  have  all  been  based  upon  the  assumption  that  no 
molecular  rearrangement  occurs  after  the  new  radical  has  entered  the 
molecule. 

The  additive  relationship  in  the  place  factors  for  the  negative  sub- 
stituents  in  substituted  benzoic  acids  offers  us  a  new  proof  of  the  sym- 
metry of  the  benzene  molecule.  It  offers  us  a  means  of  detecting  whether 
or  not  a  molecular  rearrangement  follows  the  introduction  of  a  new 
radical  into  the  molecule. 

In  the  previous  section,  it  was  shown  that  the  positions  3  and  5  with 
respect  to  the  position  i  in  the  benzene  molecule  are  equivalent,  inde- 
pendent of  the  substituents  in  the  positions  2  and  6.  This  may  be  taken 
as  a  new  proof  of  the  equivalency  of  the  pair  of  positions  3  and  5  with 
respect  to  position  i.  But  forttmately  another  proof  is  possible;  for 
if  we  substitute  a  given  radical  into  position  3  and  the  same  radical  into 
position  5,  the  algebraic  sum  of  the  place  factors  for  these  two  positions 
must  be  just  twice  that  for  the  single  group  in  the  meta  position.  For 
example*  the  place  factor  for  the  hydroxyl  group  in  the  meta  position, 
taken  from  Table  I,  is  equal  to  0.023.  ^^i^  algebraic  sum  of  the  place 
factors  for  the  two  hydroxy  groups  in  3,5-dihydroxybenzoic  acid,  if  the 
positions  3  and  5  are  equivalent  with  respect  to  i,  is  2  X  0.023  "=  0.046 
from  which  we  obtain  the  calculated  ionization  constant  i.o  X  io~^. 
The  experimental  ionization  constant  for  this  acid  is  9.1  X  io~*  and 
agrees  with  the  calculated  value  within  10%,  which  is  within  the  ex- 
perimental error.  Similarly  the  calculated  value  for  the  ionization 
constant  of  m,m-dinitrobenzoic  acid,  calculated  on  the  asstunption  of  the 
equivalency  of  positions  3  and  5  with  respect  to  i,  is  i.i  X  io~',  while 
the  experimental  value  is  1.6  X  lo""*.  These  two  examples,  as  well  as 
the  adds  mentioned  under  the  previous  sections,  prove  clearly  that  the 
positions  3  and  5  with  respect  to  position  i  in  the  benzene  ring  are  equiv- 
alent from  an  energy  standpoint,  since  the  place  factor  is  inversely  pro- 
portional to  the  free  energy  of  ionization. 

7.  Suimnary. 

(i)  The  place  factors  for  benzoic  add  for  the  radicals  acetohydroxy 
carboxyl,  chlorine,  hydroxyl,  and  nitro,  for  the  ortho,  meta  and  para 
positions;    aldehyde,    benzoyl,    bromine,    carboxymethyl,    carboxyethyl 
iodine  and  methoxy  for  the  ortho  position;  and  cyanogen,  fluorine  and 
iodine  for  the  meta  position  have  been  determined. 

(2)  No  simple  rdationship  exists  between  the  ortho,  meta,  and  para 
place  factors  for  the  same  radical  substituted  in  benzoic  add. 

(3)  The  calctdated  ionization  constants  for  twenty  polysubstituted 
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benzoic  acids  have  been  compared  with  their  experimental  ionization 
constants  and  found  to  agree  fairly  accurately  in  all  but  four  cases.  For 
those  acids  whose  ionization  constants  have  been  measured  by  two  or 
more  investigators,  the  agreement  between  the  calculated  and  experi- 
mental values  is  within  the  limit  of  the  experimental  error  in  all  but  one 
acid. 

(4)  A  method  for  the  determination  of  the  structure  of  polysubstituted 
benzoic  adds  from  their  ionization  has  been  developed. 

(5)  Ionization  will  not  distinguish  the  difference  in  structure  of  2,3-  and 
2,5-disubstituted  benzoic  acids  where  the  substituents  in  3  and  5  are 
the  same  and  the  substituent  in  2  is  also  the  same  in  both  acids. 

(6)  The  equivalency  of  the  positions  3  and  5  with  respect  to  position 
I  in  the  benzene  ring  has  been  proven  in  terms  of  the  free  energy  of  ioniza- 
tion. 

(7)  The  assumption  that  the  free  energy  of  ionization  is  made  up 
additively  of  the  separate  influence  of  each  atom  in  the  molecule  of  an 
acid  has  received  further  substantiation. 

Ukbana,  Ixx. 


[Contribution  prom  thb  Chsmical  Laboratory  of  thb  Univbrsity  op  Michigan.  ] 

THE  FORMATION  OF  PYRIMIDINES  BY  USE  OF  NITROHALONIC 

ALDEHYDE.' 

By  Wxluam  J.  Halb  and  Hakvby  C.  Bull. 
Received  November  7,  1911. 

When  either  acetone  or  one  of  its  mono-  or  S3nnmetrical  di-substitution 
products  is  allowed  to  act  upon  nitromalonic  aldehyde,  a  condensation 
readily  takes  place.  The  course  of  these  condensations  was  thoroughly 
investigated  by  Hill  and  his  coworkers.^  In  all  of  the  cases  studied,  the 
acetone  nucleus  was  involved  with  the  two  aldehyde  groups  conjointly, 
and  resulted  in  the  formation  of  six-membered  ring  compounds — deriva- 
tives of  benzene.  Derivatives  of  acetone  higher  than  the  symmetrical  di- 
substitution  products  could  not  be  made  to  enter  into  the  reaction.  There 
arose,  therefore,  the  necessity  of  explaining  these  results  through  the 
formation  of  an  intermediate  product — a  derivative  of  dihydrobcnzene. 
This  latter,  by  the  elimination  of  water,  readily  underwent  a  transforma- 
tion to  the  benzene  type.  Two  free  hydrogen  atoms  upon  either  end 
of  the  acetone  nucleus  are  thus  shown  to  be  a  prerequisite  for  this  con- 
densation with  nitromalonic  aldehyde. 

Substances  possessing  amino  groups,  and  thereby  two  free  hydrogen 

*  The  work  described  in  this  article  fojmed  part  of  a  thesis  presented  to  the  Faculty 
•f  the  Department  of  Literature,  Science  and  the  Arts  of  the  University  of  Michigan 
for  the  degree  of  Doctor  of  Philosophy,  by  Harvey  C.  Brill. 

»  Am,  Chem.  /..  22,  89  (1899);  24,  1  (1900);  33,  1  (1905). 
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atODis  attached  to  a  nitrogen  atom,  were  found  very  reactive  toward 
nitromakmic  aldehyde,  but  beyond  the  monoamino  derivatives  Hill 
and  his  coworkers  did  not  proceed. 

Prom  the  facts  thus  stated  and  from  the  ideas  so  freely  presented  to 
one  of  us  by  Professor  Hill  himself,  we  determined  to  investigate  this  action 
of  nitromalonic  aldehyde  upon  the  a-diamino  compounds.  If  analogy 
sd^t  hold,  then,  urea,  the  simplest  member  of  that  class  of  a-diamino 
compounds  possessing  a  carbonyl  group  in  the  same  relative  position 
IS  in  acetone,  should  condense  with  this  aldehyde  to  give  a  six-mem- 
bend  ring  contaming  two  nitrogen  atoms  in  the  meta  position — namely, 
a  pyrimidine.  Pinner^  has  accomplished  the  synthesis  of  pyrimidines 
bf  making  use  of  various  amidines  with  j9-diketones  or  ketonic  esters; 
k  all  cases  the  reactions  ran  quite  smoothly  and  with  good  yields. 

The  reaction  of  nitromalonic  aldehyde  with  urea  is  best  accomplished 

m  aqueous  solution.    Sodium  hydroxide  was  used  as  a  condensing  agent 

jost  as  in  the  work  upon  acetone  derivatives  already  dted.    The  results, 

liowever,  were  often  bettered  by  use  of  piperidine  in  this  same  capacity. 

The  solutions  soon  acquired  a  yellow  color  and  later  developed  a  deep  red. 

UpcHi  acidification  a  semi-crystallin,  faintly  yellow  precipitate  appeared 

■I  fair  quantity,  and  later,  upon  standing,  the  mother  liquors  3delded  a 

ydbw  leaf 'like  precipitate  in  much  smaller  quantity.    The  first  product 

(I)  melted  at  154^  (cor.)  and  proved  to  be  a  monoureide  of  nitromalonic 

aUdiyde.     The  second  product  (II)  melting  at  203.5^  (cor.)  was  shown 

to  be  the  pyrimidine  anticipated.     We  may  represent  the  reaction  as 

faUows: 

H 

NH,       OC  NH.  OCH 


CO       -I-    cc       — ►  Co      cr         (I) 

\  J^NO,  I  j\nO, 

NH,        OC  N  i— C 

H  H 

H  H 

N=C  N— C 

y  \      yU  ^  % 

oc  c<       — ►  ho— c  c— no,    <ii) 

\       /   Nno,  \        / 

N=C  N=C 

H  H 

The  monoureide  is  a  much  less  stable  compotmd  than  the  pyrimidine. 
It  contains,  as  the  formula  indicates,  a  free  aldehyde  group  readily  rec- 
ognizable by  characteristic  reactions.  The  monoxime  (III)  may  easily 
be  prq>ared,  but  the  monanil  (IV)  oflFered  considerable  difficulty.  The 
action  of  aniline  upon  the  monoureide  had  a  tendency  to  replace  the  urea 
mdeus  itself  and  form  at  once  the  monanil  of  nitromalonic  aldehyde^ 

'  Ber.,  23,  161  (1890);  a6,  2125  (1S93). 
*Am.  Chtm.  /.,  aa,  99  (1899). 
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together  with  free  urea.  In  order  to  effect  this  combination  it  was  neces- 
sary first  to  prepare  the  nitromalonic  aldehyde  monanii  and  suspend  this 

H  H 

C=N— CO— NH,  C=N— CO— NH, 

(III)  yt  >C  (IV) 

NO,'^  I  no/  I 

C=NOH  C=N— CeH. 

H  H 

in  alcohol  containing  the  theoretical  amount  of  urea  (i  mol.)-  Into  this 
solution  was  passed  a  current  of  dry  hydrogen  chloride.  After  standing, 
the  long  slender  red  needles  of  nitromalonic  monoureide  anil  made  their 
appearance.  Similar  attempts  to  prepare  a  phenylhydrazone  of  this 
monoureide  were  tmsuccessf  ul.  Phenylhydrazine  replaces  the  urea  nucleus 
and  leads  at  once  to  the  i-phenyl-4-nitropyrazole.*  Several  salts  of  the 
monoureide  were  made  and  analyzed. 

It  is  evident  that  the  monoureide  is  only  an  intermediate  step  in  the 
formation  of  a  dihydropyrimidine,  and  that  this  immediately  passes  over 
into  a  pyrimidine  by  the  loss  of  one  molecule  of  water.  This  transforma- 
tion runs  poorly  at  best,  but  is  favored  by  the  presence  of  a  dehydrating 
agent  such  as  is  the  excess  of  sulfuric  acid  added  to  the  original  reaction- 
mixture.  Hydrochloric  acid  is  not  as  effective.  The  slight  solubility  of 
this  monoureide  in  the  acidified  mother  liquor  offers  only  small  chance 
for  any  appreciable  formation  of  pyrimidme.  The  yield  of  p)rriniidine, 
however,  may  be  substantially  increased  by  warming  the  original  reaction- 
mixture  to  about  40*^  before  acidification.  Again,  the  monoureide  when 
dissolved  in  acetic  anhydride  and  warmed  either  alone,  or  with  the  presence 
of  sulfuric  acid,  or  anhydrous  hydrogen  chloride,  underwent  a  partial 
transformation  into  the  pyrimidine.  Attempts  carried  out  under  pressure 
were  altogether  disastrous.  The  most  effective  method  for  bringing  about 
this  further  condensation  consisted  in  the  use  of  sodium  ethylate  upon 
the  warm  alcoholic  solution  of  the  monoureide.  Acidification  of  the  final 
mixture  gave  a  fair  yield  of  pyrimidine.  The  methyl  ether  of  this  pyrimi- 
dine was  prepared  and  shown  to  have  a  constitution  corresponding  to  a 

5-nitro-2-methoxypyTimidine  (V) : 

H 

(V)    CHjO.C^  ►      ^C— NO,. 
^N=C'^ 
H 

The  probable  formation  of  a  dihydropyrimidine  as  the  intermediate 
product  in  passing  from  the  monoureide  to  the  pyrimidine  has  a  possible 
substantiation  in  the  work  of  P.  N.  Evans'  and  A.  and  C  Combes.' 

*  Am.  Ghent.  /.,  32,  105  (1899). 

»/.  praki.  Chem.,  [2]  48,  489  (1893). 

•  Bull.  soc.  chim.,  Paris,  [3]  7,  788  (1892). 
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These  investigators  assumed  a  structure  of  such  a  type  for  the  condensa- 
tion product  obtained  from  urea  and  acetylacetone. 

This  production  of  a  p3rrimidine  by  the  action  of  urea  upon  nitromalonic 
aldehyde  is  attended,  therefore,  with  difficulty  and  by  only  small  yield. 
In  marked  contrast  are  the  condensations  carried  out  by  Pinner  between 
^■diketones  and  amidines.  Accordingly,  it  seemed  advisable  to  try  the 
action  of  amidines  upon  nitromalonic  aldehyde  with  a  view  to  studying 
tiie  influence  and  r61e  which  the  imino  group  might  play  in  these  re- 
actions. 

Benzamidine  in  the  form  of  its  hydrochloride  was  introduced  into  an 
aqueous  solution  of  sodium  nitromalonic  aldehyde.  From  this  mixture  a 
fliite  crystaUin  precipitate  was  thrown  down  almost  immediately,  even 
without  the  presence  of  a  condensing  agent.  The  product,  quantitative 
in  yield,  showed  the  presence  of  neither  hydroxyl  nor  aldehyde  group, 
but  accorded  through  analyses  with  a  true  pyrimidine  a  5-nitro-2- 
pbeaylpyrimidine  (VI).  The  reaction  must  have  proceeded  in  accordance 
with  the  following  scheme: 


H  H 

MH       OC  NH  OC 


,H 


\  nno,  \       /\no, 

NH,     OC  N=C 

IS,  H 

HO        H 

V  ^ 

NH       C—OH  N— C 

^  I    .H  //  % 

CjHa— C  C<  — ►  C^,— C  C— NO,.     (VI) 

\       /  \no,  \       / 

N=C  N=C 

H  H 

An  intermediate  compound,  as  represented  above  by  the  condensation 
between  the  amino  group  and  one  aldehyde  group,  is  no  doubt  first  formed ; 
but  the  imino  group  almost  immediately  reacts  with  the  second  aldehyde 
group,  in  hydrated  form,  whereby  two  molecules  of  water  are  lost,  the  first 
m  the  ring  closing  and  the  second  in  the  appearance  of  the  unsaturated 
linkage.  The  constitution  of  the  intermediate  product  is  indeed  most 
favorable  for  the  second  reaction.  This  tendency  for  the  imino  group 
to  enter  so  readily  into  a  condensation  with  the  hydrated  aldehyde  group, 
leaving  the  second  hydroxyl  to  split  off  with  the  hydrogen  of  the  ad- 
joining carbon  atom,  accounts  most  likely  for  the  speed  and  facility  with 
which  this  condensation  is  found  to  run. 

The  presence  of  one  amino  group  and  one  imino  group  upon  the  same 
carbon  atom  of  a  compound  seems  therefore  to  be  the  most  favorable 
grouping  for  the  pyrimidine  formation.  That  series  of  compounds  known 
as  the  anddines  presents  exactly  this  arrangement  and  constitutes  there- 
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fore  the  best  possible  basis  for  pyrimidine  formation.  No  matter  what 
other  group  may  be  associated  with  the  amidine  nucleus,  -C( :  NH).(Niy , 
this  tendency  to  enter  into  condensation  with  ^-ketonic  derivative  should 
be  apparent.  From  the  study  of  urea  it  has  already  been  noted  with 
what  difficulty  the  pyrimidine  ring  is  formed  when  two  amino  groups 
in  this  same  position  are  concerned.  The  presence  therefore  of  a  second 
amino  group  in  conjunction  with  the  amidine  nucleus  should  not  inter- 
fere with  the  ease  by  which  the  amidine  grouping  could  enter  into  con- 
densation. Such  a  compound  is  guanidine  and  by  its  use  in  this  connec- 
tion, we  should  ascertain  at  once  the  correctness  of  this  view.  With 
nitromalonic  aldehyde  guanidine  should  give  a  nitroaminop3nriinidine. 
Otherwise,  if  the  two  amino  groups  enter  preferably  into  the  reaction, 
as  may  well  be  inferred  from  the  study  of  urea,  we  should  obtain  a  nitro- 
iminop3nrimidine.  < 

Upon  bringing  guanidine  and  nitromalonic  aldehyde  together,  in  an 
aqueous  solution,  the  solution  took  on  a  red  color  at  once  and  a  colorless, 
needle-like,  oystallin  substance  was  precipitated — even  without  a  con- 
densing agent.  The  )deld,  however,  may  be  made  quantitative  by  use  of 
piperidine  as  the  condensing  agent.  The  product  thus  obtained  gave  an 
affirmative  test  for  the  presence  of  an  amino  group  (carbylamine  reaction) 
and  a  negative  test  for  the  presence  of  an  imino  group  (Liebermann's 
nitrosamine  reaction).  From  these  and  other  tests  nq  question  remains 
but  that  the  product  contains  only  the  amino  group,  and  this  in  the  2- 
position  in  the  pyrimidine  ring.     Analysis  accorded  with  the  formula 

(VII)  a  5-nitro-2-aminopyrimidine. 

H  H 

N— Cr         ^C— NO, 
H  ^N=C'^ 

(VII)    NH,— Cyf        ^C— NO,         CS  (VIII) 

^N=C'^  I  H 

N— C?^      ^C— NO, 
I         ^N=C'^ 

H  H 

Attempts  to  prepare  the  hydrochloride  of  this  nitroaminopyrimidine 
were  unsuccessful.  This  failure  is  no  doubt  due  to  the  strongly  negative 
nature  of  the  nitropyrimidine,  and  again  to  the  resistance  afforded  to  any 
substituent  upon  a  carbon  atom  of  a  ring  situated  between  two  nitrogen 
atoms.  There  is,  therefore,  no  tendency  for  an  aminic  nitrogen  in  such 
position  to  become  basic.  On  the  other  hand,  an  acyl  derivative  of  the 
amino  group  is  possible,  as  shown  by  the  preparation  of  a  monoacetyl- 
aminopjnimidine  by  the  action  of  acetic  anhydride  upon  the  amino* 
pyrimidine. 

When  this  aminopyrimidine  is  warmod  in  carbon  disulfide  with  the 
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presence  of  a  small  amount  of  alkali,  a  yellow,  oily  mass  is  precipitated. 
This,  upon  digestion  in  alcohol,  soon  solidifies  to  a  yellow  crystallin 
compound — a  chantcteristic  property  of  thio  compounds.  Analysis 
flowed  the  substance  to  be  a  5,5'-dinitro-2,2'-dipyrimidylthiocarbamide 
(VIII). 

Hot  dilute  alkali  dissolves  the'  5-nitro-2-aminopyriniidine  but  does  not 

attack  it     When  boiled,  however,  with  a  highly  concentrated  alkaline  so- 

\s&m,  this  pyrimidine  is  slowly  attacked  and  ammonia  set  free  from  the 

deq)  red  mixture.    The  solution  then  contains  the  5-nitro-2-hydroxypy- 

moidine,  which  can  be  precipitated  out  in  the  form  of  its  silver  salt.    The 

free  hydroxypyrimidine  obtained  from  the  silver  salt  is  in  all  respects 

Meatical  with  the  hydroxypyrimidine  procured  by  the  action  of  urea  upon 

otzomalonic  aldehyde.    This  hydrolysis  proves  conclusively  that  the 

amino  group  in  the  pyrimidine  must  occupy  the  same  relative  position 

Bthe  hydroxyl  group  in  the  product  from  urea,  i.  e.,  the  5-nitro-2-hy- 

drory  py  rimidine. 

The  condensation  of  urea  with  nitromalonic  aldehyde  has  proceeded 

00I7  through  the  formation  of  a  monoureide.    An  excess  of  urea  seemed 

Bi  no  way  to  favor  the  possible  formation  of  a  diureide.     In  order  to  change 

the  conditions  as  much  as  possible  it  was  decided  to  employ  also  certain 

monoalkyi-  or  arylureas.    Such,  for  example,  as  methylurea,  benzylurea, 

or  phenylurea.     In  all  of  these  cases  only  the  monoalkyl-  or  arylureide 

of  nitromalonic  aldehyde  was  procured.    The  reaction  with  benzylurea 

has  appeared  somewhat  more  rapid  than  with  the  others. 

The  presence  in  these  substituted  ureas  of  a  secondary  nitrogen  might 
abo  have  indicated  the  possibility  of  a  ring  formation  involving  the  free 
aldehyde  group  of  the  alkylated  monoureide,  in  similar  manner  to  that 
di^layed  by  the  imino  groups  of  the  amidines.  As  no  compounds  of  the 
P}rrimidine  class  were  obtained,  there  remains  only  the  conclusion  that 
it  is  the  imino  group  itself  and  not  a  secondary  nitrogen  atom  which  serves 
ao  well  under  these  conditions  for  the  pyrimidine  ring  synthesis. 

Ezperi  mental  Part. 
Miramalonic  Aldehyde  Monoureide,  C,H,NO,(:N.CO.NH,)  (I).— Equi- 
molecular  quantities  of  urea  (1.2  grams)  and  sodium  nitromalonic  alde- 
hyde (3  grams)  were  brought  together  in  aqueous  solution  (30  cc),  and 
a  few  drops  of  piperidine  added  as  condensing  agent.  Two  or  3  cc.  of  N 
sodium  hydroxide  solution  serve  here  equally  as  well.  After  24-36 
hours  the  deep  red  reaction  mixture  was  acidified  with  dilute  sulfuric 
add,  upon  which  a  light  yellow  crystallin  precipitate  immediately  formed. 
Upon  filtering  off  this  monoureide,  i  gram  in  Weight,  the  mother  liquor 
yielded,  in  the  cotuse  of  48  hours  or  more,  0.2  gram  of  a  second  precip- 
itate somewhat  more  granular  and  less  crystallin  than  the  first.  This 
product  is  the  pyrimidme. 
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The  monoureide  thus  obtained,  and  purified  by  crystallization  from 

alcohol,  melted  at  154^  (cor.).     It  is  readily  soluble  in  alcohol,  acetic 

ester  or  acetic  acid;  only  fairly  soluble  in  acetone  or  water;  and  insoluble 

in  chloroform,  ether,  benzene,  carbon  disulfide  or  carbon  tetrachloride. 

It  slowly  undergoes  decomposition  and  cannot  therefore  be  preserved  for 

any  length  of  time. 

Calculated  for  CJEi^fi^:  C,  30.20;  H,  3. 17;  N,  26.46 
Found:  C,  30.40;  H,  3.40;  N,  26.82 

Sodium  Salt  of  Nitromalonic  Aldehyde  Monoureide. — ^The  sodium  salt 
was  easily  prepared  by  adding  sodium  ethylate  to  an  alcoholic  solution 
of  the  monoureide.  The  salt  is  deposited  as  a  light  brown  precipitate, 
slightly  soluble  in  alcohol,  but  readily  soluble  in  water.  It  decomposes 
violently  upon  warming.  The  salt  analyzed  was  purified  by  crystalliza- 
tion from  dilute  alcohol.  All  of  its  water  of  crystallization  is  lost  over 
sulfuric  acid. 

Calculated  for  NaC4H4N,04.3H,0 :  H,0,  2  2 .  97 ;  Na,    9 .  77 

Found:  H,0,  22.84,  23.87;  Na,  10.86,  9.61 

Nitromalonic  Aldehyde  Ureide-Anil,  CJIJ^O^{:  N.C,H,)(:  N.CO.NHJ 
(IV). — When  the  monoureide  and  aniline,  in  equimolecular  quantities, 
were  brought  together  in  a  warm  alcoholic  solution,  nitromalonic  aldehyde 
monanil,  m.  p.  144^,  was  formed.'  The  ureide  group  is  thus  seen  to  be 
readily  displaceable  by  aniline.  If,  however,  equimolecular  quantities 
of  nitromalonic  aldehyde  monanil  and  urea  are  dissolved  in  alcohol  and  a 
current  of  dry  hydrogen  chloride  led  into  the  solution  till  saturation  is 
reached,  there  appears,  upon  cooling,  a  precipitate  of  glistening,  red, 
needle-like  crystals.  This  substance  is  the  ureide-anil,  easily  purified 
by  crystallization  from  alcohol  and  melting  at  211°  (cor.).  This  ureide- 
aml  is  readily  soluble  in  chloroform,  acetone  or  benzene;  slightly  soluble 
in  alcohol,  carbon  tetrachloride,  water  or  acetic  ester;  and  insoluble  in 
ether  or  ligroin. 

0.1752  gram  of  substance  gave  0.3260  gram  CO,  and  0.0720  gram  H,0. 

Calculated  for  CjoHjoN^O,:  C,  51 . 26;  H,  4.30 
Found:  C,  51 .93;  H,  4.70 

Nitromalonic   Aldehyde    Ureide-Oxime,    C3H3NOa(:  NOH)(:  NCO.NH,) 

(III). — ^The  monoureide  was  introduced  into  a  solution  containing  the 

calculated  amount  of  hydroxylamine  hydrochloride  (i   mol.)   and  just 

sufficient  alkali  added  for  neutralization.     A  yellow  leaf-like  crystallin 

precipitate   appeared  on  short  standing.    This  product  is  the  mono- 

ureide-oxime.     It  is  somewhat  soluble  in  alcohol,  acetone,  acetic  ester  or 

acetic  acid;  insoluble  in  chloroform,  ether,  benzene  or  ligroin.     When 

recrystallized  from  alcohol  it  melted  at  174-5®  (cor.). 

Calculated  for  C^H^N^O^ :  C,  27 .  58 ;  H,  3 .  47 
Pound:  C,  27 . 52 ;  H,  4 . 1 1 

'  Am,  Ckem.  /.,  aa,  99  (1899). 
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Attempts  to  prepare  the  tnonoureide-phenyUiydrazone  were  tmsuccess- 
fuL  In  all  cases  urea  was  split  o£F  from  the  nitromalonic  aldehyde  mono- 
nreide  and  replaced  by  the  phenylhydrazine  radicle,  whereby  the  i- 
pJieDyl-4-nitropyrazole,  as  previously  mentioned,  was  formed  by  intra- 
molecular condensation. 

The  ease  with  which  urea  is  eliminated  from  this  nitromalonic  aldehyde 
moooureide  by  means  of  aniline  or  phenylhydrazine  made  possible  a 
amide  determination  of  the  urea  per  molecule  of  product.  To  an  alco- 
bfliic  solution  of  the  monoureide  the  theoretical  amount  of  aniline  was 
added,  and  the  solution  then  titrated  against  a  solution  of  mercuric 
Btiate.  In  this  method  of  Liebig  the  mercuric  nitrate  solution  was  made 
q>so  that  i  cc  was  equivalent  to  0.07  gram  HgO  and  about  equivalent 
toooi  gram  urea. 

Calculated  for  Cfl^fi^:  1  mol.  urea  37.74%;  found,  35.10% 

S-SUro-S'hydroxypyrimidine,  Cfi^Ufi^  (II). — ^This  product  appears  in 

tk  course  of  a  few  hours'  standing  of  the  mother  liquor  left  after  the  re- 

aoval  of  nitromalonic  aldehyde  monoureide  previously  described.    The 

innation  is  continuous  for  two  or  three  days,  but  only  in  very  small 

qoantities.     It  appears  in  small  yellow  plates,  of  a  deeper  color  than  the 

soooureide,  and  is  insoluble  in  water,  carbon  disulfide,  ether,  chloro- 

&rni,  carbon  tetrachloride,  ligroin  or  benzene;  sparingly  soluble  in  acetone, 

acetic  ester  or  alcohol  and  only  slightly  soluble  in  hot  acetic  add  or  its 

anhydride.     It  may  be  recrystallized,  but  with  difficulty,  from  glacial 

acetic  acid;  the  m.  p.  is  203.5*^  (cor.). 

Calculated  for  C^HsNgO,:   C,  34.03;  H,  2. 14;  N,  29.80 
Found:  C,  33 . 92 ;  H,  2 . 40;  N,  29 .69 

When  1.2  grams  of  sodium  nitromalonic  aldehyde  and  0.3  gram  urea 

were  brought  into  reaction,  the  mother  liquor,  left  after  the  removal 

of  the  monoureide  within  a  few  minutes  after  the  acidification,  scarcely 

ttcr  yielded  more  than  0.2  gram  pyrimidine,  i.  e.,  18%  of  the  theoretical. 

By  far  the  larger  portion  of  the  product  in  this  reaction  consists  of  the 
Monoureide,  from  70-80%  of  theoretical  yield.  Experiments,  there- 
fat,  which  might  lead  to  a  further  condensation  in  the  molecule  of  this 
■eide  were  extensively  pursued.  When  the  monoureide  is  dissolved  in 
acetic  anhydride  and  anhydrous  hydrogen  chloride  led  into  the  solution, 
tisere  appeared  upon  cooling  a  small  quantity  of  the  pyrimidine,  10- 
'5%  of  the  theoretical  3rield.  An  excess  of  dilute  sulfuric  acid  added 
iio  the  reaction-mixture  of  nitromalonic  aldehyde  and  urea  suffices  to 
increase  the  )rield  in  pyrimidine,  providing  that  the  mixture  is  kept  near 
50*.  On  the  other  hand  the  action  of  dilute  sulfuric  acid  upon  the  free 
fioooureide  in  aqueous  suspension,  even  when  warmed,  is  not  as  effective, 
'^hen  heated  in  sealed  tubes  with  acetic  anhydride,  either  alone  or  in  the 
P^'esencc  of  zinc  chloride,  anhydrous  soditmi  acetate  or  phosphorus  pent- 
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oxide,  the  tnonoureide  underwent  decomposition!  whereas  the  use  of 
similar  agents  in  the  same  solvent  at  room  temperature  was  ineffective 
altogether. 

Sodium  Salt  of  ^'Nitro'2''hydroxypyrimidine. — ^The  sodium  salt  of  this 
pyrimidine  may  be  prepared  in  fair  yield  by  warming  an  alcoholic  solu- 
tion of  the  monoureide  with  excess  of  sodium  ethylate  over  a  water  bath 
for  several  hours.  The  sodium  salt  of  the  pyrimidine  is  less  soluble  in 
alcohol  than  that  of  the  monoureide,  consequently  it  is  found  to  separate 
out  almost  as  fast  as  formed.  This  sodium  salt  was  obtained  in  10-15% 
yield.  When  recrystallized  from  water  the  red  crystals  accorded  with  the 
following  analyses: 

Calculated  for  NaC4H^,0,.2H,0:  H,0,  18.59;  Na,  xi.56 
Found:  H,0,  17.82;  Na,  12.38 

Potassium  Salt  of  yNitro-z-hydroxy pyrimidine. — In  a  similar  manner 
to  that  for  the  preparation  of  the  sodium  salt,  the  potassium  salt  may  be 
obtained  by  use  of  potassium  ethylate.  Or,  if  desired,  potassium  hy- 
droxide may  be  used  to  dissolve  the  free  pyrimidine  and  the  neutral 
deep  red  solution  evaporated  to  the  point  of  crystallization,  when  the 
yellow  prismatic  crystals  of  the  potassium  salt  come  out. 

Calculated  for  KC^n^fi^Jlfi:  H,0,  9. 14;  K,  19.80 
Found:  H,0,  8.99;  K,  19.60 

Barium  Salt  of  S'NitrO'2'hydroxypyrimidine, — When  the  pyrimidine  is 
dissolved  in  ammonium  hydroxide  and  barium  hydroxide  added  to  this 
neutral  solution,  a  reddish  brown  precipitate  of  the  barium  salt  is  throum 
down.    This  salt  lost  all  of  its  water  of  crystallization  at  1 10°. 
Calculated  for  BaC8H4NeOe.4H,0:  HjO,  14.73;  Ba,  24.08 
Found:  H,0,  13.30;  Ba,  24.04 

Silver  Salt  of  ^-Nitro-z-hydroxy pyrimidine. — The  silver  salt  was  pre- 
pared by  adding  a  solution  of  silver  nitrate  to  one  of  the  ammonium  salt 
of  the  pjrrimidine.  It  is  of  a  reddish  yellow  color  and  only  slightly  soluble 
in  water. 

Calculated  for  AgC4H^,0,:  Ag,  43.55;  found,  43.10 
3'NiirO'2'methoxypyrimidine,  C^H^,(NOj).(OCH,)  (V).— The  dried 
sodium  salt  of  the  hydroxypyrimidine,  suspended  in  absolute  alcohol,  i^as 
warmed  with  methyl  iodide,  under  reflux  condenser,  for  two  or  three 
hours.  The  mixture  was  then  evaporated  to  dryness  over  a  water  bath 
and  the  residue  extracted  with  benzene.  The  yield  is  very  poor.  After 
several  recrystallizations  from  benzene  the  pure  product  melted  at  168—9** 
(cor.).  Upon  repeated  melting  and  recooling  the  ether  always  gave  this 
same  melting  point,  indicating  therefore  no  tendency  for  transformation 
or  wandering  of  the  methoxyl  group.  It  is  a  colorless,  plate-like  crystal- 
lin  substance,  readily  soluble  in  benzene;  fairly  soluble  in  alcohol,  but 
insoluble  in  ether. 
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Calculated  for  C»H»N,0,:  C,  38 .69;  H,  3 . 25 
Pomid:  C»  38.S6;  H.  3.49 

A  determination  of  the  position  of  the  methoxyl  group  in  this  ether  was 

carried  out  in  accordance  with  the  method  of  Zeisel.    The  ether  was 

phoed  in  a  small  flask,  containing  also  a  solution  of  hydriodic  add  and 

amnonimn  iodide  and  warmed  very  gently.    The  methyl  iodide  evolved 

was  led  through  a  series  of  flasks  containing  hydriodic  acid,  water,  and 

moist  red  phosphorus  in  order,  and  finally  into  one  containing  a  diluted 

alcoholic  solution  of  silver  nitrate.     A  temperature  of  only  40^  was  found 

sfident  to  decompose  the  ether  and  liberate  all  of  the  methyl  iodide, 

fiiidi  was  to  be  determined  as  silver  iodide  in  the  last  of  the  flasks,  just 

vationed.     This  low  temperature  (usually  given  as  between  40^  and 

So^  for  such  determinations)  indicates  that  we  have  the  methoxyl  group 

attadied  to  a  carbon  atom  and  not  to  a  nitrogen  in  the  pyrimidine  ether. 

Calculated  for  C^J^fi^'.  ^^  9*68%;  found,  7.999( 

Many  attempts  were  made  toward  effecting  a  reduction  of  the  free 
sitrohydroxypyrimidine,  but  decomposition  interfered  in  all  cases. 

5'Niiro-2'phenylpyrtmddine,  C^HiNjCNO^  •C.Hj  (VI) . — Equimolecular 
quantities  of  benzamidine  hydrochloride  and  sodium  nitromalonic  aide- 
iiyde,  when  brought  together  in  aqueous  solution,  gave  a  white  flocculent 
precipitate  almost  immediately.  The  presence  of  sodium  hydroxide  as  a 
condensing  agent  was  foimd  to  retard  somewhat  this  precipitation,  but  by 
acidification  the  total  yield  (practically  quantitative)  could  be  realized. 
Consequently,  the  sodium  salt  of  the  intermediate  product  necessarily 
fomied  in  this  condensation  must  have  undergone  an  immediate  hy- 
drolysis. The  pyrimidine  is  fairly  soluble  in  alcohol,  ether,  or  benzene, 
but  msoluble  in  water.  The  product  was  best  purified  by  crystallization 
from  an  alcohol  and  ether  solution.  The  soft  white  plates  gave  a  melting 
point  of  219^  (cor.). 

Calculated  for  CiJEIfN,0,:  C,  60.00;  H,  3.51;  N,  30.89 
Pound:  C,  60.17;  H,  3.78;  N,  20.82 

yNikO'2'aminopyrimidine,    C,H,N,(NO^.(NH^    (VII).— When    equi- 

iBolecukr  quantit)^  of  guanidine  carbonate  and  sodium  nitromalonic 

aldehyde  were  mixed  in  aqueous  solution  there  appeared  immediately  a 

flocculent  white  precipitate.    The  yield  was  made  almost  quantitative 

by  use  of  a  few  drops  of  piperidine  as  condensing  agent.     The  product 

is  sohbk  in  alkali  and  repredpitated  by  addition  of  acid.     It  is  soluble 

in  acetone,  alcohol  or  acetic  ester;   fairly  soluble  in  water;  insoluble  in 

c^^i  ligroin,  chloroform,  benzene  or  carbon  tetrachloride.     Recrystallized 

from  alcohol,  the  fine,  colorless  needles  melted  at  236®  (cor.). 

Calculated  for  C4H4N4O,:   C,  34. 27 ;  H,  2 . 87 ;  N,  40 .01 
Found:  C,  34.00;  H,  3.59;  N,  40.17 

^e  presence  of  a  free  amino  group  in  this  pyrimidine  was  oonfirmed 
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by  several  qualitative  tests,  such,  for  example,  as  the  "carbylamine" 
reaction  with  alcoholic  potassium  hydroxide.  The  Hinsberg  test  with 
benzene  sulfochloride  gave  only  a  clear  solution  and  no  oily  product  as  is 
obtained  with  compounds  containing  the  imino  group.  Upon  addition 
of  sodium  nitrite  to  an  acid  solution  of  this  pyrimidine  the  absence  of  an 
oily  product  further  confirmed  the  absence  of  an  imino  group  (Lieber- 
mann). 

When  the  aminopyrimidine  is  boiled  with  alkali,  a  rapid  evolution  of 
ammonia  is  detected.  In  fact  ammonium  hydroxide  itself  is  sufficient  for 
this  hydrolysis.  When  a  solution  of  the  aminopyrimidine  in  concentrated 
ammonium  hydroxide  is  boiled  till  no  further  odor  of  ammonia  is  noted, 
and  silver  nitrate  then  added  to  the  deep  red  solution,  there  appeared  a 
reddish  brown  precipitate  of  a  silver  salt  'which  proved  to  be  the  silver 
salt  of  5-nitro-2-hydroxypyTimidine. 

Calculated  for  AgC^H^jO, :    N,  i6 .  93 ;  Ag,  43 .  55 
Found:  N,  16.60;  Ag,  41.351  43-36 

This  silver  salt  of  the  5-nitro-2-hydroxypyrimidine,  as  prepared  from 
the  aminopyrimidine,  was  next  heated  in  aqueous  suspension  with  hydro- 
chloric add  and  the  clear  solution  filtered  from  the  silver  chloride  thus 
formed.  Upon  evaporation  to  small  bulk,  the  light  yellow,  semicrystal- 
line  hydroxyp3rrimidine  made  its  appearance,  in  all  respects  identical 
with  the  hydroxypyrimidine  prepared  from  urea  and  nitromalonic  alde- 
hyde. By  the  action  of  methyl  iodide  upon  this  silver  salt  suspended  in 
absolute  methyl  alcohol,  at  the  temperature  of  a  water  bath,  there  .was 
obtained,  in  like  manner  to  the  process  already  described,  the  same 
identical  5-nitro-2-me.thoxylpyriinidine  prepared  by  the  action  of  methyl 
iodide  upon  the  silver  salt  of  the  hydroxypyrimidine  obtained  from  urea. 

When  the  aminop3rrimidine  was  warmed  with  a  slight  excess  of  an 
approximately  normal  sodium  hydroxide  solution,  until  the  odor  of 
ammonia  was  no  longer  apparent,  and  this  deep  red  solution  evaporated 
with  much  care  upon  a  water  bath,  the  reddish-brown  crystals  of  the 
sodium  salt  of  the  hydroxypyrimidine  came  out.  An  analysis  showed 
that  the  product  contained  two  molecules  of  water  of  crystallization 
and  was  in  all  respects  identical  with  the  sodium  salt  of  the  hydroxy- 
pyrimidine previously  described. 

S'NUrO'Z-acetylaminopyrimidine,  C.HaNjCNO^ .  (NHCOCH,)  .—The 

acetyl  derivative  was  obtained  by  warming  the  aminopyrimidine  with  an 
excess  of  acetic  anhydride  in  presence  of  anhydrous  soditmi  acetate. 
The  solution  was  heated  for  a  period  of  three  hours  upon  the  steam  bath, 
after  which,  upon  cooling,  the  acetyl  compound  crystallized  out  in  beauti- 
ful, long,  colorless  needles.  The  y\<dd  amounted  to  80%  of  the  theoretical. 
The  product  is  readily  soluble  in  acetic  acid,  benzene,  alcohol  or  chloro- 
orm ;  slightly  soluble  in  water,  carbon  tetrachloride,  acetic  esta*  or  acetone ; 
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and  insoluble  in  ether  or  ligroin.     When  purified  by  recrystalUzation 
from  alcohol  it  melted  at  172.5®  (cor.). 

Calculated  for  Cfi^fi^:  N,  30.86;  found,  30.84 

Attempts  to  prepare  the  hydrochloride  of  the  5-nitro-2-aminopyriniidine 

were  unsuccessful.    Various  adds  were  employed  in  this  connection  to 

ascertain  what  amino  salt  might  be  fopned,  but  in  no  case  could  any 

actkm  be  detected.    This  amino  group  is  thus  shown  to  be  very  resistent. 

S^'DinUrO'2,2''dipyrimidyl  Thiocarbamide  (VIII),  CS(NH.(C,H^,.. 
NOJ)^ — When  5-nitro-2-aminopyrimidine  was  suspended  in  carbon 
dbolfide  and  a  small  amount  of  potassium  hydroxide  added  to  this  mix- 
tare,  kept  at  60°,  a  yellow,  oily  mass  collected  after  a  short  time  at  the 
bottom  of  the  vessel.  Upon  removal  this  product  was  digested  with 
aloAol  and  soon  passed  over  into  a  mass  of  glistening  leaflets.  This  thio- 
compound  is  soluble  in  alcohol,  carbon  disulfide  or  acetic  ester;  fairly 
sohble  in  water  or  ether ;  slightly  soluble  in  acetone,  chloroform  or  benzene ; 
Bsolable  in  ligroin  or  carbon  tetrachloride.  Recrystallized  from  alcohol 
tiie  pure  product  melted  at  230-1®  (cor.).  Attempts  to  liberate  the 
aumu^yrimidine  from  this  thio-compound  were  unsuccessful.  De- 
composition took  place  in  all  cases. 

Calculated  for  C^HeNgO^S:  N,  34.78;  found,  34.36 
mromalonic  Aldehyde  Monophenylureide,  CHO.CH(NO,)CH  :  N.CO.- 
XH-C^Hj. — Equimolecular  quantities  of  nitromalonic  aldehyde  and 
phenylurea  were  brought  together  in  alcoholic  solution  and  a  few  drops  of 
piperidine  added.  Though  a  portion  of  the  product  is  precipitated  in  a 
diort  time,  the  solution  must  be  acidified  to  effect  a  complete  separation 
of  the  free  substance.  This  monophenylureide  is  soluble  in  alcohol 
or  ether  but  insoluble  in  water.  Recrystallized  from  alcohol  it  melted 
at  176-7**  (cor.). 

Calculated  for  CiJEL^fi^:  C,  51.06;  H.  3.86 
Found:  C,  49.80;  H,  4.10 

NUromalonic  Aldehyde  Monobenzylureide,  CH0.CH(N03).CH  :  N.CO.- 
SH.CH,CJB,. — When  benzylurea  and  nitromalonic  aldehyde  were  brought 
tx^ether  in  alcoholic  solution  in  the  presence  of  a  few  drops  of  piperidine, 
a  condensation  took  place  almost  immediately,  as  noted  by  the  deepening 
i&  led  color  of  the  solution.  Upon  acidification  the  colorless  leaflets  of  the 
free  benzylureide  were  thrown  down.  This  product  is  soluble  in  alcohol, 
ddoroform,  acetone  or  acetic  ester;  insoluble  in  benzene,  carbon  tetra- 
diloride  or  ligroin.  Recrystallized  from  alcohol  it  melted  at  150-1° 
(cor.). 

Calculated  for  C„Hi,N,04:  N,  16.86;  found,  16. 18 
NiiromcOonic  Aldehyde  Monomeihylureide,  CHO.CH(NO,).CH  :  N.CO.- 
NHCH3. — ^^s  product  was  prepared  by  bringing  together  monomethyl- 
inea  and  nitromalonic  aldehyde,  in  aqueous  solution.    After  the  addition 
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of  a  few  drops  of  piperidine  the  color  of  the  solution  mdicated  the  com- 
pletion of  the  reaction  in  about  one  day.  Upon  acidification,  the  yellow 
crystals  of  the  monomethylureide  were  precipitated.  This  product  is 
soluble  m  alcohol  or  acetone;  fairly  soluble  in  chloroform,  acetic  ester  or 
ligroin;  insoluble  in  ether,  benzene  or  carbon  tetrachloride. 

Calculated  for  CsH^,04 :  C,  34 .  64 ;  H,  4 .  04 
Fotind:  C,  34.84;  H,  3.88 

Ann'Akbor.  Michigan. 
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By  applying  the  Hausmann-Osbome*  method,  as  well  as  the  formalde- 
hyde* titration  method  perfected  by  Sorensen,  the  writer*  has  demon- 
strated that  the  acid-soluble  organic  nitrogen  occurring  in  Iowa  soils 
and  in  Michigan  peat  soils  is  made  up  chiefly  of  acid  amides,  monoamino 
acids  and  diamino  acids.  In  the  meantime,  and  in  part  before  those 
publications,  there  appeared  several  papers  dealing  with  the  isolation 
of  organic  nitrogenous  compounds  from  soils.  Thus,  Sdireiner  and 
Shorey  succeeded  in  isolating  from  various  soils  the  diamino  acids  argin- 
ine*  and  histidine,  as  well  as  the  pyrimidine*  derivative,  c)rtosine,  and 
the  purine*  bases,  xanthine  and  hypoxanthine.  Prior  to  that  Shorey 
extracted  from  Hawaiian  soils  a  compound  which  he  identified  as  pico- 
linecarboxylic  acid.^  Among  the  decomposition  products  of  Michigan 
peat  the  monoamino  acids  leucine*  and  isoleudne  were  isolated  and  iden- 
tified by  Robinson,  who  also  quantitatively  determined  the  amino* 
nitrogen  in  the  peat  by  Van  Slyke's**  nitrous  acid  method. 

Adding,  as  the  above  researches  do,  to  our  knowledge  concerning  the 
nature  of  organic  compounds  in  soils,  yet  it  seems  desirable,  if  not  im- 

»  Z.  Physiol  Chem.,  27,  95  (1899);  aPi  47  (1900);  29,  136  (1900);  3h  2X5  (1900). 
This  Journal,  25,  323  (1903). 
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•Tras  Journal,  32,  396  (1910);  33i  1226  (191 1).  Technical  Bull.  4,  (1909) 
Mich.  Agr.  Exp.  Sta.;    Research  BtUl.  i,  (191 1)  Iowa  Agr.  Exp.  Sta. 

*  J.  Biol.  Chem.,  8,  381  (19 10). 

*  Ibid.,  8,  385  (1910).     BtUl.  74,  Bureau  of  Soils,  U.  S.  Dept  Agr. 
•Ibid. 

'  Ann.  Rept.  of  Hawaii  Agr.  Exp.  Sta.,  1906,  p.  55. 

*  Tms  Journal,  33,  564  (191 1). 
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CHBMICAL  NATURB  OP  ORGANIC   NTTROGBN  IN   SOIL.  95 

perative,  to  throw  more  light  upon  a  question  of  such  significance,  bear- 
ing in  mind  that  the  question  is  of  fundamental  importance  to  agricul- 
ture since  it  is  intimately  connected  with  the  momentous  biological 
processes  of  ammonification,  nitrification  and  denitrification.  It  is  for 
this  reason  that  it  was  decided  to  investigate  an  additional  number  of 
plots  as  to  the  nature  of  the  organic  nitrogen  contained  in  them.  The 
plots  S,  T,  V,  herein  examined,  form  a  part  of  the  experiment  station 
fidd  which  is  situated  on  the  Wisconsin  drift.  The  plots,  having  the  size 
of  one-tenth  of  an  acre  each,  were  treated  as  follows:  In  1906  they  re- 
ceived a  heavy  application  of  manure,  in  1907,  1908  and  1909  none. 
They  grew  corn  in  1905  and  1906,  oats  and  clover  in  1907,  com  in  1908 
and  1909.  The  soil  samples  were  taken  in  the  fall  of  1909  and  represent 
composite  samples  of  twenty-four  borings  taken  from  each  plot  to  the 
depth  of  seven  inches. 

It  was  soon  ascertained  that  the  proportion  of  ammoniacal  and  nitric 
nitrogen  in  the  plots  under  consideration  was  insignificant,  from  which 
it  followed,  that  the  soil  nitrogen  consisted  of  organic  nitrogenous  com- 
pounds. Their  separation  into  acid  amides,  diamino  adds  and  mono- 
aznino  acids  was  performed  according  to  the  Hausmann-Osborne  method, 
namely  by  distilling  the  evaporated  acid  extract  of  the  soil  with  mag- 

Tabus  I. — Pbrcsntaos  of  Nitroosn  in  thb  Vakious  Compounds. 

%  of  %€i         %  of  nitxo- 

oven-dried     toUl  loa         gen  in 
Plot.  Oram.  eoii.  nitrogen.       solution. 

S.     Total  nitrogen  in  solution  (obtained 
by  boiling  with  hydrochloric 

acid) 0.16069        0.1844        87.37        100.00 

Ammoniacal  nitrogen 0.00081        0.0009         0.44  0.50 

Nitrogen  of  add  amides 0.05397        0.0619        29.35  33-59 

Nitrogen  of  diamino  addg 0.02773        0.0318        15.08  17.26 

Nitrogen  of  monoamino  acids  (dif- 
ference from  100) 0.07818        0.0897        42*51  48.65 

T.  Total  nitrogen  in  solution  (ob- 
tained by  boiling  with  hydro- 
chloric add) 0.20247        0.2199        92-41        100.00 

Anmioniacal  nitrogen 0.00099        o.ooii  0.45  0.49 

Nitrogen  of  add  amides 0.06789        0.0737        30-99  33-53 

Nitrogen  of  diamino  adds 0.04029        0.0438        18.39  19.90 

Nitrogen  of  monoamino  adds  (dif- 
ference from  100) 0.09330        0.1013        42.58  46.08 

V.  Total  nitrogen  in  solution  (ob- 
tained by  boiling  with  hydro- 
chloric add) 0.12675        0.9216        88.98        100.00 

Ammoniacal  nitrogen 0.00062        o.ooii  0.43  0.49 

Nitrogen  of  add  amides 0.04207        0.0735        29.53  33-i9» 

Nitrogen  of  diamino  adds 0.01797        0.0314        12.61  14.18 

Nitrogien    of    monoamino    adds 

(difference  from  100) 0.06609       0.1155       46.40         S^-H 
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nesia,  which  gave,  m  the  form  of  ammonia,  all  the  nitrogen  correspond- 
ing to  the  amides  present  in  the  soil.  The  residue  which  remained  on 
distillation  of  the  soil  extract  with  magnesia  was  thoroughly  extracted 
with  water  and  concentrated  to  loo  cc,  to  which  sulfuric  acid  and  enough 
phosphotungstic  acid  were  added  to  throw  down  the  diamino  adds  pres- 
ent in  the  extract.  The  determination  of  the  nitrogen  in  the  washed 
phosphotungstic  acid  precipitate  gave  the  amount  of  the  diamino  nitro- 
gen. The  percentage  of  the  monoamino  nitrogen  was  obtained  by  sub- 
tracting the  sum  of  ammoniacal,  amido,  and  diamino  nitrogen  from  loo. 
The  results  secured  are  recorded  in  Table  I. 

While  the  phosphotungstic  acid  precipitate  and  the  filtrate  from  that 
precipitate,  in  the  case  of  protein  decomposition  products,  virtually 
represent  diamino  acids  and  monoamino  acids  respectively,  it  may  not 
hold  good  for  soil  extracts.  However,  the  facts  presented  in  Table  II 
go  to  show  that  the  substances  designated  in  Table  I  as  diamino  and 
monoamino  acids  actually  display  reactions  and  possess  properties  which 
are  characteristic  of  those  compounds. 

As  was  pointed  out  elsewhere,*  not  all  of  the  nitrogen  obtained  by  the 
Hausmann-Osbome  method  as  such,  of  diamino  and  monoamino  adds 
actually  represent,  diamino  and  monoamino  nitrogen,  but  that  a  por- 
tion of  that  nitrogen  belongs  to  classes  other  than  amino  adds.     To  ascer- 
tain just  what  proportion  of  that  nitrogen  is  virtually  made  up  of  diamino 
and  monoamino  acids,  the  soil  extracts  from  the  plots  S,  T,  V  were  sub- 
jected to  formaldehyde  titration.     Before   presenting  the  results,  how- 
ever, a  few  note!S  may  not  be  amiss  in  connection  with  the  formaldehyde 
titration  method.     In  order  to  avoid  mistakes,  it  is  necessary  to  use  for 
titration  not  too  small  amounts  of  the  amino  acids;  the  greater  the  quan- 
tity employed  for  the  formaldehyde  titration  the  more  reliable  are  the 
results.     Further,  it  is  of  advantage  to  start  the  formaldehyde  titration, 
not  in  the  alkaline  but  in  the  acid  state,  i.  e.,  the  soil  extract  to  be  titra- 
ted is  slightly  acidified  with  hydrochloric  acid  so  as  to  require,  say,  from 
one  to  three  cc.  of  o .  2  iV  barium  hydroxide.     The  operations  in  question 
are  conveniently  carried  out  as  follows:    The  soil  extract  containing 
amino  acids,  upon  examination  of  the  optical  activity,  is  made  up  to  a 
definit  volume,  say,  to  60  cc,  for  which  the  nitrogen  in  15  cc.  is  deter- 
mined by  the  Kjeldahl  method  to  ascertain  the  total  nitrogen  present 
in  the  sample,  15  cc.  are  titrated  in  the  ordinary  way  to  determin  the 
acidity  of  the  substance,  and  two  portions  of  15  cc.  each  are  titrated 
with  formaldehyde  to  find  the  increase  of  acidity  due  to  the  reaction 
with  formaldehyde.     These  three  operations  furnish  aH  the  data  which 
are  necessary  for  the  calculation  of  the  percentage  of  diamino  or  mono* 

*  This  Journal,  33*  1239  (191 1). 
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Tabls  II. 


Diamino  acids. 


Monounino  addi. 


The  diamjno  acids 
atracted  from  the 
iirioas  plots  (S,  T,  V) 
Apbycd   the   foUow- 


Rotation. 

S.  The  diamino 
add  solution  con- 
taining 0.006  g. 
nitrogen,  on  acidu- 
lating with  hydro- 
chloric add,  rotated 
in  the  2  dm.  tube 
+0.09®    (Ventzke). 

T.  The  rotation  of 
the  addulatcd  di- 
amino add  solution, 
with  0.008  g.  ni- 
trogen, was  +  0.22® 
(Ventzke). 

V.  The  diamino 
add  solution,  with 
0.007  g.  nitrogen, 
having  been  strong- 
ly addulated  with 
hydrochloric  add, 
showed  the  rota- 
tion of  -1-0.20® 
(Ventzke). 


1.  Phosphotungstic 
aol  gave  a  heavy, 
viite  predpitate. 

2.  Phosphomolybdic 
add  gave  a  yellow 
pnqritate. 

3.  Mercuric  chloride 
pvc  a  grayish  white 
iooculent   precipitate. 

4-  SOver  nitrate 
jftve  a  grayish  or  yel- 
Mk  white  predpi- 
tite,  soluble  in  excess 
dsBsntoaisL. 

5.  Picric  add  either 
£ukd  to  give  a  predp- 
itsUe,  or  tli£  predpi- 
tite  obtained  after 
not  time  was  quite 
flBigiiificant. 

6  The  aqueous 
solntkni  of  the  di- 
amino  adds  was 
Strang  alkaline. 

7.  Addition  of  neu- 
tafized  formaldehyde 
to  the  alkaline  solu- 
fta  caused  it  to  turn 
acid,  pointing  to  the 
presence  of  cart>oxyl 
and  amino  groups. 

amino  adds  present  in  the  substance  under  examination.     The  results 
are  given  in  Table  III. 

While  the  data  before  us  to  a  certain  degree  modify  the  results  reported 
in  previous  publications,  especially  as  far  as  the  percentage  of  diamino 
and  monoamino  adds  is  concerned,  yet  this  modification  does  not  go  far 
enough  to  shift  the  ratio  of  the  acid  amides  to  the  diamino  and  mono- 
amino adds.  Here,  as  in  the  earlier  publications,  the  percentage  of  mono- 
amino adds  is  predominant,  next  in  proportion  follow  the  acid  amides, 
aaid  finally  the  diamino  adds.    The  percentage  of  the  ammoniacal  nitro- 


Reactioo  with 

fonnttldehyde.  Rotatkm. 

The  mono-  S.  The  monoamino 
amino  acids  acid  solution,  with 
extracted  from  0.043  g.  nitrogen, 
the  soils  exam-  having  been  addula- 
ined,  on  being  ted  with  hydrochloric 
mixed  with  add,  showed  in  the  2 
neutralized  dm.  tube  the  rotation 
formalde-  -f o. 6 1®.( Ventzke).  . 
hyde,  imme-  T.  The  monoamino 
diately  turned  add  solution  contain- 
add,  thus  in-  ing  0.040  g.  nitro- 
dicating  the  gen,  rotated  — 0.75**. 
presence  of  When  addulated  with 
carboxyl  and  5  cc.  concentrated  hy- 
amino  groups,    drochloric     add,    the 

same  solution  showed 
the  rotation  +0.1^ 
(Ventzke). 

V.  The  aqueous  so- 
lution of  the  mono- 
amino adds,  extracted 
from  about  150  grams 
soil,  showed  the  rota- 
tion — 0.73  (Ventzke). 
Addulated  with  3  cc. 
concentrated  hydro- 
chloric add,  the  same 
solution  showed  the 
rotation  +0.5® 
(Ventzke). 
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TablB  III. 
Diamino  adds. 

Plot  S. — ^The  soil  extract  containing 
diaxnino  adds  was  made  up  to  60  cc.»  of 
which  15  cc.  were  titrated  in  the  usual 
way  and  required  0.2  cc.  0.2  N  barium 
hydroxide,  and  2  portions  of  15  cc.  each 
were  titrated  with  formaldehyde  and  re- 
quired on  the  average  0.6  cc.  0.2  N 
barium  hydroxide.  This  means  that 
the  increase  of  the  acidity  caused  by  the 
presence  of  -diamino  acids  corresponds 
to  0.4  cc.  0.2  N  barium  hydroxide. 
Unfortunately,  15  cc.  of  the  soil  extract 
oxidized  according  to  Kjeldahl  were 
lost,  so  that  the  percentage  of  the  diamino 
adds  could  not  be  calculated. 

Plot  T. — The  soil  extract  supposed 
to  contain  diamino  acids  was  made  up  to 
60  cc.  The  nitrogen  determination  in 
15  cc.  showed  that  they  contained  0.006 
g.  nitrogen.  15  cc.  titrated  in  the  ordi- 
nary way  required  1.47  cc.  0.2  N  bar- 
iiun  hydroxide;  two  portions  of  15  cc. 
each  titrated  with  formaldehyde  required 
2.04  cc.  0.2  N  barium  hydroxide.  This 
means  that  the  60  cc.  substance,  through 
formaldehyde,  increased  in  addity  equiv- 
alent to  2.28  cc.  0.2  N  barium  hydrox- 
ide or  0.01280  g.  nitrogen  (53.3  per 
cent.),  if  lysine  alone  were  present;  or 
0.0192 1  g.  nitrogen  (80.0  per  cent.), 
if  histidine  alone  were  present;  or  0.02561 
g.  nitrogen  (106.7  P^  cent.),  if  argin- 
ine  only  were  present.  While  these  fig- 
ures do  not  give  the  actual  percentage 
of  each  one  of  the  diamino  adds,  they  do 
show  that  a  large  portion  of  what  is  given 
in  Table  I  as  nitrogen  of  diamino  adds 
actually  represents  diamino  nitrogen. 

Plot  v.— -60  cc.  of  the  soil  extract  were 
analyzed  as  in  S.  It  was  found  that  the 
increase  of  addity  through  formaldehyde 
was  equal  to  0.67  cc.  0.2  N  barium  hy- 
droxide. The  Kjddahl  determination 
in  15  cc.  of  this  solution  was  unfortu- 
nately lost  by  acddent,  which  rendered 
the  calculation  of  the  percentage  of  di- 
amino nitrogen  impossible. 

gen  is  insignificant.     In  comparing  the  results,  the  differences  of  which 
may  in  part  be  due  to  some  difference  between  the  soils  S,  T,  V,  on  the 


Monoamiao  acids. 

Plot  S. — Sixty  cc.  of  the  soil  extract 
containing  monoamino  adds  were  treated 
as  follows:  the  nitrogen  determinatioa 
in  15  cc.  gave  0.01407  g.  nitrogen;  15 
cc.  were  titrated  and  required  2.2  cc. 
0.2  N  barium  hydroxide;  two  portions 
of  15  cc.  each  were  titrated  after  add- 
ing formaldehyde  and  required  on  the 
average  5.61  cc.  0.2  N  barium  hydrox- 
ide. This  means  that  3.41  cc.  0.2  N 
barium  hydroxide  equivalent  to  0.00957 
g.  nitrogen,  or  68.02  per  cent,  of  what 
is  given  in  Table  I  as  nitrogen  of  mono- 
amino adds,  actually  represent  mono- 
amino nitrogen.  The  other  31.98  per 
cent,  belongs  to  dasses  other  than 
monoamino  adds. 

Plot  r.--The  titration  with  formalde- 
hyde of  60  cc.  substance,  with  0.0552 
g.  nitrogen,  showed  that  82.03  per 
cent,  of  what  is  given  in  Table  I  as  nitro- 
gen of  monoamino  adds  actually  repre- 
sent monoamino  nitrogen,  the  rest  con- 
sisting of  nitrogenous  compounds  other 
than  monoamino  adds. 

Phi  V, — The  substance  containing 
monoamino  adds  was  analyzed  with  the 
following  result:  15  cc.  were  found  to 
contain  0.0097  g.  nitrogen.  The  increase 
of  addity  in  15  cc.  substance,  due  to  the 
reaction  with  formaldehyde,  was  equiv- 
alent to  2.97  cc.  0.2  N  barium  hydrox- 
ide, which  is  equal  to  0.00834  g*  nitro- 
gen. Or  85.98  per  cent,  of  what  is 
recorded  in  Table  I  as  nitrogen  of  mono- 
amino adds  actually  represent  mono- 
amino nitrogen. 
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one  band,  and  O,'  U,  on  the  other,  it  is  to  be  borne  in  mind  that  whereas 
in  laboratory  or  pot  experiments  one  can  easily  get  good  average  samples, 
it  is  quite  different  with  field  or  plot  experiments.  In  the  first  place  it  is 
not  an  easy  task  to  obtain  one  or  several  tons  of  manure,  hay  or  straw 
as  a  uniform  and  homogeneous  mass.  Nor  is  it  possible  absolutely 
evenly  to  distribute  such  organic  materials  throughout  the  plots.  Like- 
wise, it  is  very  difficult,  if  at  all  possible,  to  get  a  truly  average  soil  sam- 
ple from  a  plot  of  the  size  of  one- tenth  of  an  acre.  It  is  for  these  reasons 
that  samples  from  the  same  plot,  and  still  more  so  from  different  plots, 
though  treated  with  the  same  organic  materials,  may  in  some  measure 
differ  from  each  other.  This  may  account  for  some  differences  in  the 
results  reported,  yet,  on  the  whole,  the  data  secured  in  the  above  experi- 
ments confirm  the  data  presented  in  the  former'  publications. 

Condttsions. 

I.  The  principal  portion  of  the  acid-soluble  organic  nitrogen,  contained 
I        in  the  soils  investigated,  is  made  up  of  acid  amides,  monoamino  acids 

and  diamino  adds. 
I  2.  The  larger  part  of  the  phosphotungstic  acid  precipitate,  recorded  in 

Table  I  as  nitrogen  of  diamino  acids,  actually  represents  diamino  nitro- 
gen, the  smaller  part  belonging  to  classes  other  than  diamino  acids. 

3.  In  the  case  of  the  filtrate  from  the  phosphotungstic  acid  precipi- 
tate, presented  in  Table  I  as  nitrogen  of  monoamino  acids,  it  was  found 
that  from  68 .  02  to  85 .  98  per  cent,  of  that  filtrate  represent  in  fact  mono- 
amino nitrogen,  the  rest  (from  31.98  to  14.02  per  cent.)  consisting  of 
nitrc^enous  compounds  other  than  monoamino  acids. 


[From  ths  Labokatory  of  Fbrih^ity  Invbstigations.] 
THE  ISOLATION  OF  CREATmiNE  FROM  SOILS.' 

Bt  BUIUlfD  C  Sboksy. 
Received  November  2.  1911. 

In  the  coturse  of  investigations  into  the  nature  of  the  organic  con- 
stituents of  soils  a  crystallin  organic  compound  was  isolated  and  identified 
as  creatinine. 

Reactions  indicating  the  presence  of  this  compound  were  first  observed 
in  a  solution  of  a  portion  of  the  soil  organic  matter  obtained  in  the  fol- 
lowing manner:  The  soil  was  treated  with  2%  sodium  hydroxide  solu- 
tion for  half  an  hour,  and  then  without  separation  of  the  alkaline  extract 
from  the  soil,  acetic  acid  in  slight  excess  was  added  and  the  acid  solution 
filtered  from  the  soil  and  precipitate  formed.  The  acid  filtrate  was 
neutralized  with  sodium  hydroxide  and,  without  filtering,  a  solution  of 

'  Published  tyy  permission  of  the  Secretary  of  Agricultute. 
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lead  acetate  added  and  the  precipitate  formed,  separated  by  filtration. 
On  the  addition  of  ammonia  to  the  filtrate  a  further  precipitate  was 
produced,  which  was  filtered  off,  washed,  and  decomposed  by  hydrogen 
sulfide.  The  filtrate  from  lead  sulfide  was  concentrated  to  a  small  volume 
and  was  found  to  give  the  Jaff6,  Weyl,  and  Salkowski  color  reactions  for 
creatinine. 

It  was  further  found  that  if  the  filtrate  from  the  neutral  lead  acetate 
precipitate  was  made  alkaline  with  sodium  hydroxide  instead  of  ammonia, 
and  the  resulting  precipitate  decomposed  and  concentrated,  the  color 
reactions  were  obtained  more  strongly,  indicating  a  more  complete  pre- 
cipitation of  the  creatinine  by  this  means. 

From  the  known  behavior  of  creatinine  when  treated  with  lead  acetate 
in  alkaline  solution  it  was  evident  that  neither  of  the  methods  of  pre- 
cipitation mentioned  would  result  in  complete  separation  of  the  creatinine 
present,  and  for  the  isolsction  of  this  compound  recourse  was  had  to  another 
method. 

The  method  by  which  creatinine  was  first  isolated  from  soils,  and 
already  noted  elsewhere,^  was  to  apply  to  an  alkaline  soil  extract  a  method 
recommended  by  Balke'  for  the  separation  of  purine  bases,  and  used  for 
that  purpose  in  this  laboratory.'  This  method  depends  on  the  fact  that 
when  there  is  precipitation  of  cuprous  oxide  from  Fehling's  solution  by  a 
reducing  compound,  purine  bases  and  some  related  compotmds  combine 
with  the  cuprous  oxide  and  are  found  in  the  precipitate.  Creatinine 
behaves  in  this  w4y,  as  was  first  pointed  out  by  Masche.* 

The  method  as  applied  to  the  isolation  of  creatinine  from  soils  was 
carried  out  as  follows :  An  alkaline  extract  of  the  soil,  made  by  treatment 
for  a  short  time  with  2%  sodium  hydroxide,  was  made  exactiy  neutral 
with  acetic  or  sulfuric  acid  and  filtered.  The  neutral  filtrate  was  heated 
to  boiling  and  a  littie  glucose  added  and  then  Pehling's  solution,  slightiy 
in  excess  of  that  required  by  the  glucose  present.  The  precipitate  formed 
was  separated  by  filtration,  well  washed,  and  decomposed  by  hydrogen 
sulfide.  The  filtrate  from  the  copper  sjlfide  was  concentrated  to  a  small 
volume  under  reduced  pressure,  a  small  quantity  of  a  concentrated  solu- 
tion of  zinc  chloride  and  a  littie  sodium  acetate  added,  and  toe  whole 
allowed  to  stand  several  days.  Within  a  few  nours  crystals  began  to  form, 
and  in  48  hours  these  were  observed  to  have  the  characteristic  appearance 
of  creatinine  zinc  chloride.  The  crystals  were  separated  from  the  mother 
liquor  by  filtration,  or,  when  the  quantity  of  material  was  very  small, 
by  placing  the  whole  mass  on  a  porous  plate.    After  separation  the  crystals 

»  Science,  33,  340  (191 1). 

«  /.  prakt  Chem.,  [2]  47,  537  (1893). 

•  Bull.  74,  Bureau  of  Soils,  p.  41  (1910);  /.  Biol.  Chem.,  8,  391  (1910). 

«  Z.  anal.  Chem,,  1878,  134- 
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were  washed  with  a  little  cold  water,  suspended  in  water  and  boiled  with 
some  freshly  precipitated  lead  hydroxide,  filtered,  and  the  filtrate  con- 
centrated to  a  small  volume;  on  standing  a  short  time  crystals  formed 
hanng  the  appearance,  solubility,  and  color  reactons  of  creatinine. 

From  another  portion  of  the  same  soil  from  which  creatinine  had  been 
obtained  by  the  method  just  outlined,  creatinine  was  also  obtained  by 
alcoholic  extraction.  About  loo  grams  of  air-dried  soil  were  extracted 
iaaSoxhlet  extractor  for  7  hours  with  95%  alcohol.  The  alcohol  was 
lonoved  from  the  colored  extract  so  obtained  by  evaporation,  water 
being  added  to  keep  the  volume  constant.  The  aqueous  solution  was 
fitered  from  resinous  and  fatty  matter  and  evaporated  to  a  small  volume 
ifflder  reduced  pressiu^e.  The  concentrated  solution  gave  all  the  color 
tactions  for  creatinine  strongly,  and  on  treatment  with  zinc  chloride 
pre,  after  standing  two  days,  crystals  of  the  characteristic  creatinine 
aac  diloride. 

Creatinine  was  also  obtained  from  the  same  soil  by  simple  extraction 
with  water.  About  5  kilograms  of  soil  were  extracted  with  cold  distilled 
water  in  a  percolator  until  8  liters  of  extract  had  been  obtained.  This 
vas  concentrated  to  about  100  cc.  by  evaporation  under  reduced  pressure, 
and  filtered  from  a  small  quantity  of  insoluble  matter  present.  The 
solution  so  obtained  gave  all  the  color  reactions  for  creatinine  strongly, 
and  m  treatment  with  zinc  chloride,  crystals  of  the  characteristic  crea- 
tinine zinc  chloride  were  formed.  From  these,  by  treatment  with  lead 
liydroxide  in  the  manner  already  described,  crystallin  creatinine  was 
obtained. 

Creatinine  in  water  solution  gives  a  number  of  color  reactions  that 
have  been  depended  on  largely  as  indicating  or  pro\dng  the  presence  of 
this  compound  in  fluids  such  as  urine. 

Jaf}i*s  Reaction. — If  a  solution  of  creatinine  be  made  alkaline  with 
sodijm  hydroxide  and  then  a  few  drops  of  picric  acid  solution  added, 
a  red  color  is  formed.^  The  color,  which  is  similar  to  that  of  a  concen- 
trated solution  of  potassium  dichromate,  becomes  orange  on  dilution. 
A  quantitative  colorimetric  method  for  determining  creatinine  based  on 
this  reaction  has  been  devised  by  Folin'  and  has  been  almost  universally 
adapted  in  determining  the  quantity  of  this  compound  in  urine.  In  the 
use  of  this  reaction  for  either  qualitative  or  quantitative  purposes  the 
absence  of  other  compounds  that  give  a  similar  color  or  that  give  a  color 
that  would  obscure  the  one  given  by  creatinine  must  of  course  be  assured. 
In  urine  the  only  compound  of  this  nature  likely  to  be  present  is  acetone, 
the  presence  of  which  can,  of  course,  be  easily  determined.  In  solutions 
or  extracts,  however,  containing  soil  organic  matter  there  is  the  possi- 

*  Z.  pkysiol.  Chem.,  10,  399  (1896). 
•/Wd.,  41,  223  (1904). 
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bility  of  other  compounds  that  may  simulate  or  obscure  the  color  given 
by  creatinine,  but  whose  presence  can  not  be  definitely  determined, 
because  of  lack  of  sufficient  methods.  Levulinic  acid  and  furfural  both 
give  the  Jaflf^  reaction  strongly,  and  while  neither  have  been  definitely 
identified  as  present  in  soils,  there  are  some  indications  of  the  presence 
of  the  former,  and  the  latter  might  very  easily  be  present  or  formed  in 
soil  extracts  at  some  stage  in  the  operation. 

WeyVs  Test, — ^A  watery  solution  of  creatinine  to  which  a  small  quantity 
of  a  solution  of  sodium  nitroprusside  has  been  added  gives  on  the  addi- 
tion of  sodium  hydroxide  a  red  color  which  soon  changes  to  yellow.* 
As  with  the  Jaff6  reaction,  the  presence  of  certain  other  compounds  may 
interfere  with  the  use  of  this  test  either  by  giving  a  color  that  obscures 
the  one  given  by  the  test,  or  giving  a  similar  one.  Levulinic  add  gives 
under  the  conditions  of  this  test  a  color  similar  to  that  given  by  creatinine, 
and  this  test  with  others  has  been  used  to  establish  the  presence  of  levu- 
linic add  in  the  decomposition  products  of  nudeic  acid.*  Furfural  and 
the  products  resulting  from  heating  pentose-yidding  material  with  add 
give  a  similar  color,  although  in  no  case  is  the  fading  of  the  red  color  to 
yellow  as  pronounced  as  with  creatinine.  The  dark  purple  color  given 
by  sulfides  in  the  presence  of  sodium  nitroprusside  and  sodium  hydroxide 
wotdd,  of  course,  obscure  the  color  given  by  creatinine,  and,  as  was  noted 
in  the  case  of  Jaffa's  reaction,  there  are  probably  in  soil  extracts  unknown 
compounds  that  give  dther  a  similar  color  or  one  that  would  obscure  the 
one  given  by  creatinine. 

ScUkawski^s  Reaction, — If  the  ydlow  solution  resulting  from  Weyl's 
test  be  addified  with  acetic  acid  and  then  heated,  the  solution  turns 
green,  then  blue,  and  Prussian  blue  is  precipitated,  if  much  creatinine  is 
present.^  Both  levulinic  add  and  furfural  give  the  final  blue  color  and 
predpitate,  but  in  the  case  of  levulinic  acid  the  solution  after  the  addi- 
tion of  acetic  acid  and  before  heating  is  purple.  The  reagents  alone 
will  give  the  final  blue  color  and  precipitate  if  the  solution  before  acidify- 
ing be  allowed  to  become  warm. 

Since  soil  extracts  or  solutions  prepared  from  them  may  contain  com- 
potmds  that  are  known  to  give  color  reactions  similar  to  those  given  by 
creatinine,  and  since  there  is  the  possibility  of  the  presence  of  others 
as  yet  tmknown,  it  is  evident  that  results  obtained  with  the  color  tests 
usually  considered  indicative  of  the  presence  of  creatinine  can  not  be 
considered  condusive  proof  of  the  presence  of  this  compound  in  the  soils 
from  which  the  soil  extracts  were  prepared. 

When  indications  of  the  presence  of  creatinine  are  obtained  by  any 

*  Ber.,  IX,  2175  (1878).     Arnold,  Z.  physiol,  Chem.,  49,  397  (1906). 

*  Inouye,  Z.  pksytoL  Chem,,  42,  116  (1904).  i 
»  Z.  physioL  Chem.  4,  133  (1880);  9,  127  (1885).                            .  j 
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of  the  color  tests  just  described,  this  can  best  be  confirmed  and  established 
by  the  preparation  of  the  creatinine  zinc  chloride  (C|H,ON,),ZnCl^ 
This  salt,  almost  insoluble  in  alcohol  and  difficultly  soluble  in  water,  is 
fanned  when  concentrated  solutions  of  creatinine  and  zinc  chloride  are 
brought  together  in  the  absence  of  free  mineral  acids,  a  condition  usually 
obtained  by  the  addition  of  a  little  sodium  acetate.  When  any  large 
quantity  of  creatinine  is  treated  in  this  way  there  is  immediate  pre- 
cipitation, but  when  small  quantities  are  being  dealt  with  precipitation 
does  not  begin  for  several  hours  and  is  not  complete  for  several  days. 
The  crystals  of  this  salt  are  quite  characteristic  in  form,  although  this 
form  is  so  modified  by  the  concentration  of  the  solution,  the  presence  of 
other  substances,  and  other  conditions  that  they  appear  to  differ  widely. 
A  study  of  the  form  assumed  when  the  crystals  first  appear,  and  of  their 
growth,  and  of  the  form  assumed  on  recrystallizing,  soon  results  in  famil- 
iarity with  the  characteristic  appearance,  so  that  the  compound  can  be 
readily  identified,  no  matter  what  form  it  may  assume.  Usually  it  ap* 
pears  in  balls  with  radiating  structure,  due  to  their  being  made  up  of  fine 
needles.  Under  other  conditions  its  first  appearance  may  be  in  star-like 
plates  which  eventually  assume  the  form  of  bunches  of  radiating  needles 
or  plates.  If  the  crystallization  is  slow,  the  plates  may  grow  to  a  well- 
developed  form.  Under  still  other  conditions  the  radiating  needles  are 
bunched  in  tufts  rather  than  balls.  This  last  form  is  the  one  assumed 
by  the  pure  compound  when  a  concentrated  solution  is  cooled  rapidly. 

When  sufficient  creatinine  zinc  chloride  can  be  prepared  pure,  its 
identification  by  the  method  of  preparation,  solubility,  and  crystallin 
form  may  be  supplemented  by  analysis,  although  once  familiarity  with  the 
characteristic  behavior  and  appearance  of  this  compound  is  acquired, 
this  is  not  essential.  A  preparation  of  creatinine  zinc  chloride  made  from 
an  alkaline  soil  extract  in  the  manner  already  described  was  purified  by 
recrystaUization,  dried  on  a  porous  plate,  and  then  in  a  desiccator,  and 
nitrogen  and  zinc  oxide  determined  in  the  following  manner:  A  portion 
of  the  creatinine  zinc  chloride,  0.3600  gram,  was  digested  with  a  small 
cpiantity  of  sulfuric  add  and  a  little  potassium  sulfate,  as  in  the  Gunning 
modification  of  the  Kjeldahl  method  for  total  nitrogen.  The  resulting 
solution  was  made  alkaline  with  sodium  hydroxide  and  distilled  into 
standard  add  in  the  usual' manner.  After  the  removal  of  the  ammonia 
by  distillation  the  solution  was  made  add  with  acetic  add  and  the  zinc 
in  solution  predpitated  by  hydrogen  sulfide,  the  zinc  sulfide  collected, 
the  predpitate  and  filter  paper  treated  with  nitric  add,  dried,  and  care- 
fully ignited  and  wdghed  as  zinc  oxide.  The  analysis  gave  the  fol- 
lowing figures: 

Calculated  for  (C4PrON0,ZnCI,:  N.  3316;  ZnO,  22.45 
Found:  N,  23.22;  ZnO,  22.31 
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The  formation  of  free  creatinine  from  creatinine  zinc  chloride  by  boiling 
with  lead  hydroxide  in  the  manner  already  described,  the  crystallization 
of  the  creatinine  so  obtained,  and  observations  regarding  its  crystallin 
appearance,  solubility,  and  color  reactions  may  be  resorted  to  in  further 
confirmation  of  the  identity  of  the  compound.  The  crystallin  ap- 
pearance of  creatinine,  monoclinic  plates  or  prisms,  is,  however,  not 
characteristic  enough  to  form  the  basis  of  identification. 

At  this  point  the  question  naturally  arises  whether  the  isolation  of 
creatinine  by  the  methods  described  indicates  or  proves  the  presence  of 
creatinine  in  the  soil.  In  deciding  this  question  in  the  case  of  other 
organic  compounds  isolated  from  soil  the  conclusion  that  the  compounds 
in  question  must  be  in  the  soil  as  such  was  based  on  the  fact  that  all  the 
knowledge  of  the  behavior  of  the  compounds  and  their  antecedents 
indicated  that  they  could  not  be  formed  by  any  of  the  treatments  to  which 
the  soil  or  soil  extracts  had  been  subjected.  In  the  case  of  creatinine 
the  question  is  complicated:  first,  by  the  fact  that  nothing  is  definitely 
known  regarding  its  antecedents,  i.  e.,  what  complex  molecule,  if  any, 
it  is  derived  from;  and,  second,  by  the  fact  already  mentioned  that  crea- 
tinine is  readily  changed  to  creatine  and  vice  versa  according  to  the  con- 
ditions imposed.  Consequently,  from  general  considerations  only,  it 
might  seem  that  the  creatinine  isolated  by  methods  which  involve  chemical 
reagents  and  heat  might  be  derived  from  creatine  or  some  unknown  more 
complex  compound  from  which  creatinine  was  easily  split  oflf.  More 
detailed  consideration,  however,  of  the  methods  involved  effectually 
disposes  of  the  possibility  that  the  creatinine  is  wholly  derived  from 
creatine.  While  the  transformation  of  creatine  and  creatinine  back 
and  forth  into  each  other  is  comparatively  easy,  Folin  has  shown^  that  it 
is  not  so  easy  as  many  investigators  have  assumed.  All  the  operations 
in  the  methods  used,  except  the  final  concentration,  were  such  as  would 
result  in  the  change  of  creatinine  back  to  creatine  rather  than  other- 
wise. The  alkaline  extraction  and  boiling  with  Fehling's  solution  would 
no  doubt  bring  about  this  change  to'  some  extent  so  that  the  creatinine 
finally  obtained  was  that  which  had  resisted  this  treatment.  The  final 
concentration  of  the  aqueous  solution  at  a  low  temperature  might  form 
some  creatinine  from  creatine,  but  investigation  has  shown  that  this 
change  could  be  but  slight  and  could  never  involve  the  whole  of  the 
creatine  if  it  were  present.  Treatment  of  these  solutions  by  boiling  for 
several  hours  with  add  resulted  in  but  slightly  increased  colorimetric 
readings  for  creatinine.  In  other  words,  the  small  quantity  of  creatine 
present  shown  by  this  method  was  out  of  all  proportion  to  what  would 

»  "The  Chemistry  and  Biochemistry  of  Creatine  and  Creatinine,"  Festkrift,  Olof 
Hammersten,  III. 
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remain  after  evaporation  under  reduced  pressure,  if  creatine  only  had 
beea  present  in  the  original  solution. 

The  question  of  the  possibility  of  the  creatinine  obtained  being  formed 
durii^  the  treatment  from  some  more  complex  antecedent  easily  broken 
down,  unfortunately  can  not  be  disposed  of  until  some  definit  informa- 
tkm  regarding  such  a  complex,  if  there  is  one,  is  available. 

In  the  light  of  all  the  knowledge  available  and  on  consideration  of 
the  bearing  of  the  methods  on  the  final  product  it  seems  safe  to  conclude 
that  a  considerable  portion  at  least  and  probably  all  of  the  creatinine 
isokted  from  soils  is  present  in  the  soils  as  such. 
The  possible  relation  of  creatinine  to  more  complex  compounds  foimd 
m  the  soil  or  added  to  soil  in  dead  vegetation  is  still  obscure,  but  a  few 
observations  made  in  this  connection  are  worthy  of  record.     Nucleic 
adds  of  unknown  constitution  have  been  found  in  several  soils.  ^    Both 
aodeic  acid  from  soil  and  yeast  nucleic  acid  prepared  by  Merck  have  been 
feosd  to  give  the  color  reactions  for  creatinine  after  heating  or  even 
wanning  for  a  few  minutes  with  dilute  hydrochloric  acid.     From  a  solu- 
tkn  of  yeast  nucleic  add  treated  in  this  way  crystallin  creatinine  zinc 
chloride  was  prepared.     It  was  found,  however,  that  on  washing  the 
nuddc  acid  with  cold  dilute  hydrochloric  add  the  nuddc  add  no  longer 
had  the  property  of  giving  creatinine  on  heating  with  add.    The  hydro* 
chloric  add  washings,  however,  after  heating  showed  the  creatinine  re- 
actions.   Whether  the  explanation  of  this  lies  in  the  indusion  of  some 
creatine  in  the  nuddc  add  or  whether  creatinine  is  actually  split  off  from 
the  nuddc    add   or   some   complex   induded   with   it   is   as  yet   un- 
bown.    Phytin,   or   hydroxymethylene   diphosphoric   add   anhydride, 
is  an  organic  compound  that  occurs  in  the  seeds  of  many  plants  and  must 
find  its  way  into  the  soil.    So  far,  this  Compound  has  not  been  isolated 
fn>m  any  soil,  but  it  was  found  that  a  crude  preparation  prepared  from 
wheat  bran  gave  on  heating  with  hydrochloric  acid  a  solution  which  gave  the 
cdor  reactions  of  creatinine,  and  from  this  solution  crystals  of  creatinine 
zinc  diloride  were  prepared.     On  purifying  the  phytin,  however,  in  the 
vual  way  by  predpitating  it  several  times  as  the  barium  salt'  it  like- 
wise no  longer  had  this  property. 

The  relation  of  the  creatinine  to  plants  and  plant  products  generally 
has  been  already  treated  in  papers  from  this  laboratory'  and  the  only 
further  observations  that  will  be  made  here  bearing  on  the  rdation  of 
otatinhie  to  soil  organic  matter  have  to  do  with  that  added  in  agricul- 
tmal  practice,  vir.,  organic  manures.  Creatinine  has  been  found  both 
in  stable  manure  and  in  fresh  cowp^  vines  as  used  in  green  manuring. 

^Yhe  results  of  the  investigatioii  on  nucldc  adds  in  soils  will  be  reported  later. 

*Tattea  and  Hart,  Am.  Cktm.  /.,  31,  564  (1904). 

*  doOivam,  Tbis  Joornal,  33,  30^5  (1911)  a»d  Skinner,  BaL  Gas.  (1911). 
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A  sample  of  well-rotted  stable  manure  was  extracted  with  water  and  the 
solution  allowed  to  stand  until  further  fermentation  had  ceased.  From 
this  extract  creatinine  was  isolated  by  precipitation  with  Pehling's  solu- 
tion in  the  same  manner  as  from  soil  extracts.  The  resulting  solution 
gave  the  color  reactions  for  creatinine  and  crystals  of  both  creatinine  zinc 
chloride  and  creatinine  were  prepared. from  the  material  isolated.  Green 
cowpea  vines  were  crushed  and  extracted  with  cold  alcohol,  the  alcohol 
evaporated  at  a  low  temperature,  and  water  added  to  keep  the  volume 
constant  and  the  solution  filtered  from  insoluble  matter.  Prom  this 
solution  creatinine  zinc  chloride  was  prepared  by  precipitating  the  crea- 
tinine with  Pehling's  solution  and  subsequent  treatment  with  zinc  chloride 
and  also  by  treating  the  concentrated  aqueous  solution  directly  with 
zinc  chloride. 

The  work  so  far  done  on  the  quantitative  determination  of  creatinine 
in  soils  is  but  preliminary  and  no  definit  statement  regarding  the  quan- 
tity present  in  soils  can  be  made  other  than  that  it  is  small  and  apparently 
but  a  small  portion  of  the  total  organic  matter.  The  following  facts 
bearing  on  this  question  were  established.  It  is  much  more  easily  ex- 
tracted from  soil  by  alcohol  than  by  water.  Usually  enough  could  be 
obtained  by  extracting  loo  grams  of  soil  with  alcohol  to  establish  its 
identity,  but  to  accomplish  this  by  aqueous  extraction  several  pounds  of 
soil  were  usually  necessary.  In  spite  of  this  fact,  alcohol  extraction  does 
not  offer  an  available  method  for  quantitative  determination,  as  is  shown 
by  the  following  experiment:  One  hundred  grams  of  soil  were  extracted 
with  alcohol  until  the  concentrated  extract  no  longer  gave  any  reaction  for 
creatinine.  Ten  milligrams  of  creatinme  were  then  added  and  the  soil  ex- 
tracted with  alcohol  again,  and  the  creatinine  determined  colorimetrically 
in  the  extract  obtained.  After  14  hours  of  continuous  extraction  only 
three-tenths  of  a  milligram  of  creatinine  was  found  in  solution,  and  a 
second  extraction  of  7  hours  gave  an  amount  too  small  to  be  determined. 
The  color  obtained  was  not  greater  after  heating  these  extracts  with  acid, 
showing  that  the  creatinine  had  not  been  extracted  and  changed  to 
creatine.  Since  both  water  and  alcohol  extraction  seemed  unavailable 
as  the  basis  of  a  method,  attention  was  given  to  alkaline  extraction. 
In  attempting  to  carry  this  out  quantitatively  several  difficulties  are  met. 
The  complete  extraction  of  the  organic  matter  from  soil  with  dilute 
alkali  is  slow  and  results  in  a  very  large  volume  of  solution.  Again  this 
solution  is  darkly  colored  and  the  use  of  a  colorimetric  method  is  out  of 
the  question  unless  there  is  removal  of  the  color  and  concentration  of  the 
solution.  It  is  possible  that  alkaline  extraction  and  precipitation  of  the 
creatinine  from  the  solution  with  Pehling's  solution  or  in  some  other 
way  will  ultimately  afford  a  means  of  determining  this  compound  in  soils, 
but  90  far  these  attempts  have  not  given  satisfactory  figures. 
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The  quantity  of  creatinine  that  has  been  found  in  soils  by  any  of  the 
metiiods  tried,  while  small,  and  representing  but  a  small  portion  of  the 
oijiaiiic  matter,  is  by  no  means  negligible,  being  usually  several  parts 
per  million  of  soil  and  usually  equal  to  and  sometimes  in  excess  of  the 
quantity  of  nitrates  nonnally  present. 

There  is  every  indication  that  in  no  case  was  there  complete  extraction 
d  the  creatinine,  and  it  is  moreover  possible  that  this  organic  soil  con* 
sdtuent  is  a  fluctuating  quantity,  being  generated  by  bacterial  or  other 
iMoiogical  agencies  in  the  soil  tmder  certain  conditions,  and  being  chaxiged 
or  removed  from  the  soil  by  growing  plants  under  other  conditions. 

The  initial  work  on  the  isolation  of  creatinine  from  soil  was  done  with  a 
sample  of  Volusia  silt  loam  from  New  York.  The  sample  was  from  a 
Ud  that  had  been  in  cultivation  for  many  years.  At  the  time  the  sample 
IBS  taken  and  for  se\'eral  years  previous  the  crops  on  the  field  had  been 
ywf  poor.  So  far  as  could  be  ascertained  the  field  had  never  had  any 
application  of  either  commercial  fertilizer  or  stable  manure. 

After  the  identity  of  the  compound  isolated  from  the  Volusia  silt  loam 
V8S  established  as  creatinine  a  number  of  other  samples  of  soil  were 
examined  for  the  presence  of  this  compound.  Comparatively  few  soils 
Ittve  been  examined,  but  so  far  no  soil  has  been  found  in  which  the  pres- 
ence of  creatinine  was  not  indicated  by  the  color  reactions  given  by  the 
extract 

Creatinine  zinc  chloride  in  addition  to  color  reactions  was  obtained 
fonn  samples  of  the  following  soils : 

Fcaiikstown  stony  loam  from  Pennsylvania.  This  sample  was  taken 
from  a  field  that  had  been  in  cultivation  30  years,  but  had  recently  lain 
idle  for  3  years.     When  put  in  cultivation  again  the  crops  were  still  very 

poor. 

□arksville  silt  loam  from  Kentucky.  This  sample  was  from  an  area 
where  the  crop  yields  were  fair  and  the  soil  responded  well  to  applica- 
tions of  stable  manure.' 

Dunkirk  day  from  New  York.  Fair  crop  yields  had  been  obtained 
o&  the  field  where  the  sample  was  taken. 

It  would  seem,  then,  that  creatinine  is  probably  a  normal  and  con- 
stantly occtuTing  constituent  of  soils.  While  the  soils  examined  have  all 
been  under  cultivation  some  years  there  is  no  theoretical  reason  for  con- 
dttding  that  virgin  soils  differ  from  cultivated  ones  in  this  respect  except 
perhaps  m  quantity. 

BntB4Tro9  Soils. 
r,  D.  C. 
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Hodem  Science  Reader  with  special  reference  to  Chemistry.  Edited  by  Robbrt 
MoNTGOBfBRY  BiRD,  Ph.D.,  Collegiate  Professor  of  Chemistry  in  the  University 
of  Virginia,  323  +  viii  pages.    New  York:  The  Macmillan  Company.     X911. 

''This  book  provides  a  partial  course  of  reading  in  Chemistry  for  col* 
lege  men  and  general  readers,  and  indicates  further  matter  of  an  interest- 
ing and  instructive  nature.  *  *  *  It  is  our  experience  with  college 
men  that  parallel  reading,  more  than  any  other  influence,  conduces  to  in- 
terest in  textbook  matter,  especially  in  first-year  courses  in  science.  It 
broadens  the  student's  views,  enlivens  the  subject  and  shows  its  bearing 
upon  the  work  and  problems  of  life.  *  *  *  We  have  had  in  mind, 
also,  persons  who  are  seeking  knowledge  without  the  aid  of  a  teacher. 
Definit  information  for  reading  and  home  study  is  given.  *  *  *  We 
have  endeavored,  particularly,  to  choose  articles  which  are  suggestive 
*    **    *    and  will  broaden  the  reader's  outlook  on  science." 

These  extracts  from  the  preface  will  indicate  the  scope  of  the  book.  It 
contains  28  articles,  beginning  with  Sir  William  Crookes'  *'  Romance  of 
the  Diamond,"  from  a  recent  North  American  Review,  and  ending  with 
Remsen's  **  Unsolved  Problems  of  Chemistry,"  from  McClure^s,  Among 
other  topics  are  explosives,  artificial  silk,  steel  rails  and  alloy  steels,  coal, 
coal-tar,  the  yeast  cell,  radioactivity,  and  electrons.  Sir  Andrew  Noble, 
John  A.  Mathews,  Vivian  B.  Lewes,  J.  W.  Richards,  Kopp,  Madame 
Curie,  and  Sir  Oliver  Lodge  are  among  the  authors  quoted. 

Many  teachers  will  find  in  this  book  interesting  collateral  readings  for 
their  students  and  it  is  heartily  to  be  recommended. 

Jas.  Lewis  Howe. 

Handboch  d«  Minend-Ch«mie.  Editbd  by  C.  Dobltsr  and  Others.  Bogen,  11-201. 
Price,  M.  6.50.  Contents. — ^The  carbonates  of  sodium  concluded.  The  car- 
bonates of  sodium  and  the  alkaline  earths  by  Wegscheider.  Potassium  and 
ammonium  carbonate  by  Wegscheider.  Magnesium  carbonate  by  Leitmeier. 
Genesis  and  occurrence  of  magnesite  by  Redlich.  Uses  of  magnesite  by  Redlich. 
The  hydrates  of  magnesitun  carbonate  by  Leitmeier  and  d'Achiardi.  Caldum 
carbonate  by  Leitmeier  and  analytical  methods  by  Dittrich. 

The  peculiar  arrangement  of  this  book  according  to  which  all  the  matter 
bearing  on  one  topic  is  not  given  in  the  same  place  is  inconvenient,  to  say 
the  least,  and  will  hardly  meet  with  approval  from  most  readers.  It 
was  owing  to  this  unfortunate  classification  that  the  writer  made  an 
unwarranted  criticism  of  the  first  instalment  of  this  work,  which  he  is 
here  glad  to  correct.  The  constants  of  calcium  carbonate,  the  omission 
of  which  was  criticized,  are  given  in  detail  in  the  second  instalment.  The 
information  in  Bogen  1 1-20  seems  to  be  very  complete  and  yery  recent 
work  is  included.  E.  T.  Ali^n. 
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By  Alszandbr  Smitb. 
Received  December  28,  1911. 

At  tfci(  present  day,  it  seldom  happens  that  due  credit  is  not  given  to 
qA  Anirigt  for  any  new  facts  which  he  may  add  to  tlie  sum  of  chemical 
boiMheand,  conversely,  it  is  usually  an  easy  matter  to  attach  to  any 
glve»  fliet  the  name  of  the  investigator  who  first  discovered  it.  For 
nasQM  viricfa,  in  part,  at  least,  are  obvious,  these  conditions  are  not 
^i>«)flli|ll'tttsy  to  fulfil  in  the  case  of  the  fathers  of  the  science.  It  is 
cxitik^;it  all  events,  that  frequently  recognition  has  here  been  long  de- 
^3^1|A  even  where  the  most  fundamental  facts  are  concerned,  the 
deteraJ^Mioii  of  the  parentage  has  had  repeatedly  to  be  revised. 

At  Ai^Tety  start,  there  is  the  difficulty  in  settling  what  constitutes 
duafmnf!  Scheele*s  preparation  of  oxygen  undoubtedly  took  place 
ayeircrtwO  before  Priestley's,  but  his  publication  of  the  results  was 
tiafof'tttfl  three  years  after  Priestley's,  and  priority  in  discovery  is 
SQienllr.JKidd  to  require  priority  in  publication. 

A^pdi^'Iteacelsus  obtained  what  is  now  known  as  hydrogen  by  the 
actioaiiliraii  filings  upon  vinegar,  but  Cavendish  defined  the  substance 
by  its  tnperties,  and  so  the  discovery  dates  from  1 766.  Liebig  prepared 
bnnkieB  tmt  set  the  sample  aside,  believing  it  to  be  a  chloride  of  iodine, 
and  Bafaml»  who  prepared  the  substance  later  and  recognized  it  to  be 
s  new  halogen,  became  the  discoverer.  Similarly,  a  hundred  years  before 
Priestley's  time,  Borch  (1678)  prepared  what  is  now  known  as  oxygen 
in  large  quantities  by  heating  saltpeter,  but  he  failed  to  ascertain  any 
of  its  properties;  and  again,  forty-five  years  before  Priestley's  experiment, 
Haks  collected  the  gas  from  the  same  source  over  water  (the  first  record 

'  Presidenttal  Address  delivered  before  the  American  Chemical  Society  at  Washing- 
tflo,  December  28,  i^ii. 
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of  any  attempt  to  collect  a  gas  in  this  way)  and  obtained,  by  measure- 
ment, 97%'of  the  theoretical  amount.  But  Priestley,  on  Aug.  i,  1774, 
liberated  it  from  mercuric  oxide.  A  lighted  candle  happened  to  be 
standing  before  him  at  the  moment.  By  pure  chance,  as  he  himself 
says,  and  without  any  particular  reason  which  he  could  afterwards  re- 
call, he  immersed  the  candle  in  the  gas  and  found  that  the  combustion 
was  unusually  brilliant.  He  thus  ascertained  one  distinct  property  of 
the  substance  and  became  the  discoverer  of  oxygen.  True,  he  thought 
at  first  that  it  was  a  compotmd  of  nitrous  acid,  earth  and  phlogiston, 
and  only  in  the  light  of  the  views  of  Lavoisier  and  others,  and  after  long 
delay,  did  he  accept  in  1786  the  conclusion  that  it  was  an  elementary  sub- 
stance. It  may  be  noted  that,  although  Scheele  was  a  better  experimenter, 
his  idea  of  the  nature  of  oxygen  was  not  much  clearer.  He  thought 
that  fire-air  (oxygen)  tmited  with  phlogiston  to  give  heat,  and  that  the 
last  was  a  compound  of  the  first  two.  Evidently,  in  those  days,  isolating 
the  substance,  and  defining  one  or  two  of  its  properties,  together  conferred 
discoverer's  rights,  no  matter  how  grotesquely  the  nature  of  the  sub- 
stance was  misunderstood. 

I  say,  "in  those  days,"  for  Curie  made  several  compounds  of  raditmi, 
establishing  their  relations  to  one  another,  and  is  justly  held  to  be  the 
"discoverer  of  radium,"  although  no  isolation  of  the  element  was  attempted. 
Now  that  the  science  has  developed,  isolation  can  be  dispensed  with, 
and,  in  point  of  fact,  was  omitted  in  most  of  the  exploratory  work  among 
the  rare  metals.  If  this  principle  could  have  been  applicable  in  earlier 
days,  several  of  the  decisions  of  chemical  history  might  have  been  re- 
versed. A  hundred  years  before  Priestley's  time,  Mayow  (1669)  had 
shown  by  conclusive  experiments  that  atmospheric  air  was  made  up  of 
two  components,  of  which  the  active  one  formed  25%  of  the  whole. 
In  measuring  the  amount,  he  employed  the  same  reaction  subsequently 
used  by  Priestley,  namely,  removal  of  the  oxygen  by  the  introduction 
of  nitric  oxide  and  absorption  of  the  product  in  water.  But,  whereas 
Priestley  was  thereby  estimating  the  "goodness"  of  the  air,  and  had  no 
idea  that  he  was  dealing  with  a  mixture,  Mayow  was  perfectly  clear  as 
to  the  interpretation  of  the  results.  The  latter  demonstrated  that  the 
same  component  was  removed  in  combustion,  by  rusting  metals,  by  the 
alcohol  in  vinegar-making,  and  by  the  blood  in  respiration.  He  traced 
the  animal  heat  of  the  body  to  a  process  analogous  to  that  which  heated 
the  mass  when  marcasite  rusted  in  the  air.  He  identified  this  active 
component  of  the  air  as  a  constituent  of  saltpeter,  and  particularly  of  the 
add  part  of  this  substance,  and  (like  Lavoisier  more  than  a  century  later) 
held  that  it  was  contained  in  all  acids.  Finally,  he  considered  it  to  be 
an  element,  in  the  modem  sense  of  the  word.  Unfortunately  circum- 
stances conspired  to  relegate  to  obscurity  all  his  wonderful  work  and 
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magnificently  dear  reasoning.    Mayow  was  a  young  physician,  and  the 

dnrergent  view-point  of  Boyle,  as  an  older  man  and  an  eminent  philosopher, 

Rodved  more  attention.    Again,  the  logical  conclusiveness  of  Mayow's 

proof  of  the  existence  of  oxygen  as  a  distinct   substance  was  entirely 

over  the  heads  of  his  contemporaries,  and  his  way  of  thinking  quite  out  of 

kannony  with  theirs.    In  this  poini;  of  view,  he  came  a  century  and  a 

M  too  soon.    Such  a  proof,  if  offered  at  the  present  day,  would  be 

accepted  as  conclusive.    The  final  isolation  of  the  element  would  now 

be  considered  a  matter  of  mere  routine  that  could  be  assigned  to  a  be- 

paa  in  research,  as  the  basis  of  his  dissertation  for  the  degree  of  doctor 

tf  philosophy.     Finally,  the  clouds  of  the  phogistic  theory  soon  began 

to  darken  the  sky  of  the  science,  and  before  long  the  spread  of  this  re- 

ttfable  notion,  diligently  fostered  by  Stahl  who  had   been  born  nine 

Jtm  before  the  appearance  of  Mayow's  work,  enveloped  chemistry  and 

ieiriiole  chemical  world  in  an  impenetrable  fog.    Since  the  believers 

ia  phlogiston  started  always  with  one  absurd  idea  as  the  major  premise, 

Bamdy,  that  in  combustion  and  oxidation  some  kind  of    matter  left 

file  burning  or  rusting  material,  the  more  rigorous  the  logic  of  the  sub- 

ftqnent  steps  in  the  reasoning,  the  more  certain  was  the  attainment  of 

BBifoniily  false  conclusions.    The  inveterate  phlogistian,  and  everybody 

down  to  the  time  of  Lavoisier,  not  excluding  Priestley  and  Scheele,  was 

ibrthwith  an  inveterate  phlogistian,  saw  in  simple,  almost  modem  modes 

rf  thought  like  those  of  Mayow,  only  the  sheerest  nonsense.     If  we  all 

stood  habitually  upon  our  heads,  naturally  any  one  caught  persisting  in 

a  tendency  to  view  the  imiverse  in  the  normal  way  would  be  instantly 

adjudged  insane.     For  these  various  reasons,  Mayow's  work  was  first 

neglected  and  then  forgotten. 

The  story  of  Mayow  suggests  some  additional  conditions  which  determin 
ftereoognition  of  a  discoverer,  and  the  acceptance  of  his  discovery.  How 
lAen  in  the  history  of  science  has  a  dominating  but  conservative  person- 
tfty  diverted  attention  from  younger  or  less  prominent  men,  or  at  the 
least,  by  hostile  criticism,  delayed  the  acceptance  of  their  ideas?  The 
fisooverer  who  occupies  a  conspicuous  social  position  is,  often,  more 
wadily  detected.  Then  again,  for  the  dealing  of  strict  justice,  the  con- 
sequences may  be  almost  as  unfortunate  when  the  discoverer  is  a  century 
>head  of  his  time,  like  Mayow,  as  when  he  is  three  years  late,  like  Scheele. 
And  finally,  an  intellectual  plague  like  the  phlogistic  theory  may  be 
epidemic.  An  infection  runs  until  a  milder  generation  of  the  infecting 
QiKanism  is  gradually  evolved,  or  until  the  presence  of  the  organism 
itsults  in  physiological  changes  which  automatically  give  rise  to  substances 
4at  destroy  it.  Lavoisier  was  fortunate  in  arriving  upon  the  scene  when 
fte  disease  was  ready  to  loosen  its  hold.  It  was  not  that  his  fundamental 
experiments,  upon  the  subject  of  air  and  oxygen,  were  new— the  same 
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conclusions  could  have  been  reached  by  putting  together  the  work  of 
his  predecessors  and  contemporaries.  It  was  largely  because  of  his  person- 
ality, and  because  he  arrived  at  the  psychological  moment. 

I  have  prefaced  my  address  in  this  way,  in  order  to  furnish  a  setting 
for.  its -^ubject.  He  lived  from  1711  to  1765.  He  thus  was  educated, 
4id  his  life-work,  and  died  in  the  most  virulent  period  of  the  phlogistic 
epidemic.  Heat,  light  and  weight  were  then  forms  of  matter,  yet,  when 
he  notices  them  at  all,  he  combats  these  views,  and  makes  experiments 
to  disprove  them.  In  a  day  when  the  jargon  of  the  phlogistian  was  the 
only  language  of  polite  intercourse  among  chemists,  he  speaks  and  writes 
the  language  of  modem  chemistry — of  the  most  modem  chemistry, 
for  he  was  a  physical  chemist.  Needless  to  say,  he  lived  at  a  time  far 
removed  from  the  psychological  moment  for  a  man  holding  such  a  view- 
point. Naturally,  credit  for  his  discoveries,  and  they  were  many,  has  all 
been  distributed  among  others.  It  is  quite  likely  that  some  of  you 
have  never  happened  to  hear  his  name — ^the  name  of  Michael  Wassi- 
lieAieitsch  Lomonossoff. 

Even  in  Russia,  although  his  work  in  literary  and  linguistic  lines,  his 
success  as  a  man  of  affairs,  and  his  investigations  as  a  geographer  and  a 
meteorologist  had  won  fpr  him  enduring  fame,  the  fact  that  he  was  pri- 
marily a  chemist  had  been  completely  forgotten.  It  was  Menschutkin' 
who,  a  few  years  ago,  rediscovered  him  as  a  chemist,  reprinted  in  Russian 
his  scattered  memoirs,  and  collected  all  that  could  be  found  of  his  manu- 
scripts, letters,  and  laboratory  note-books. 

Although  trained — chiefly  in  Germany — ^by,  and  along  with  men  who 
ardently  supported  the  current  views,  he  seems  with  astonishing  ease 
to  have  thrown  off  the  prejudices  of  his  contemporaries,  and  to  have 
achieved  a  perfectly  independent  view-point  of  his  own.  At  that  time, 
the  emission  of  light-matter  explained  the  phenomena  of  light.  Largely 
through  the  enormous  influence  of  Newton's  selection  of  the  emission 
theory  in  preference  to  the  wave  theory  (first  developed  by  Huygens  in 
1 690) ,  this  remained  the  accepted  explanation  imtil  after  a  hard  struggle 
against  tlie  influence  of  Laplace  (181 7)  and  others,  who  were  uncon\'inced, 
witli  the  explanation  of  the  phenomenon  of  polarization,  by  Fresnel,  the 
ether-wave  theory  finally  triumphed.  But  Lomonossoff  discusses  (1753- 
56)  the  possible  motions  of  ether — progressive,  rotatory,  and  wave-like — 
identifies  the  last  as  the  basis  of  light,  and  goes  in  great  detail  into  the 
nature  of  ether  and  the  properties  of  light-waves  and  the  mode  of  their 
propagation. 

In  Lomonossoff's  day,  heat  was  also  a  form  of  matter.  The  classicaJ 
experiment  of  Rumford  was  made  (1798)  thirty  years  after  his  death. 

*  M.  W.  Lomonossoff,    as  Physical  Chemist,  St.  Petersburg,  1904.    Sec  also  an 
artfcic*  by  Men^htttkin,  Annalcn  dcr  Naiurpkilosophie,  4,  203. 
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But  SO  Strong  was  the  prejudice  that,  even  then,  the  proof  (by  quantita- 
ti^-e  experiments)  that  heat  could  be  generated  without  limit  from  friction, 
under  conditions  such  that  the  addition  of  any  substance  or  form  of  matter 
was  impossible,  did  not  carry  conviction.  Lavoisier  believed  (with  some 
hesitation  it  is  true)  in  an  imponderable  matiire  de  chaleur.  It  was  not 
until  after  the  work  of  Mayer  (1842),  who  was  at  first  persecuted  for  his 
\Tews,  and  especially  after  the  demonstration  by  Joule  (1855-60)  that  heat 
and  work  were  mutually  and  quantitatively  interconvertible,  that  the 
Aeory  that  heat  was  matter  finally  disappeared.  Yet  Lomonossoff, 
more  than  a  century  earlier  (1744-47),  in-  a  paper  on  *'The  Causes  of  Heat 
ad  Cold,"  discusses  in  detail  the  experimental  evidence  that  motion 
is  a  source  of  heat,  and  that  molecular  motions  are  caused  by  heating. 
Iladiant  heat,  of  which  then  little  was  known,  was  transmitted  by  motions 
of  the  ether,  which  he  believed  to  be  of  the  rotatory  variety.  In  all  his 
papers,  heat  is  always  a  mode  of  molecular  motion.  The  paper  named  was 
the  subject  of  vigorous  discussion,  particularly  in  Germany,  and  after 
the  views  contained  in  it  had  been  sufficiently  abused  they  were  consigned 
to  oblivion. 

The  kinetic  molecular  theory  of  gases  used  to  be  attributed  to  Kronig 
(1856)  and  Gausius  (1857).  But  Lord  Rayleigh  discovered  in  the  archives 
rf  the  Royal  Society  a  very  complete  form  of  it,  contributed  by  Waterston 
in  1845.  The  state  of  public  opinion  among  physicists,  even  then,  a 
century  after  Lomonossoff's  work,  may  be  judged  from  the  fact  that  the 
committee  of  the  Society  considered  the  content  of  the  paper  to  be  non- 
sensical, and  refused  to  permit  its  public  presentation.  Lomonossoff's 
paper,  read  before  the  Academy  of  St.  Petersburg  in  1 744,  nearly  suffered 
the  same  fate,  for  it  was  withheld  from  publication  for  three  years.  Start- 
ing with  the  view  of  Daniel  Bernoulli  ( 1 738) ,  to  the  effect  that  the  pressure 
of  gases  was  due  to  the  impacts  of  their  particles,  Lomonossoff  proceeded 
to  develop  ideas  very  much  like  those  now  held.  According  to  him, 
for  example,  a  rise  in  temperature  caused  increased  motion  of  the  particles, 
'and  resulted  therefore  in  increased  pressure.  His  theory  differs  from  ours 
mainly  in  the  fact  that  rotatory  motions  played  a  large  part,  and  that 
the  molecules  had  rough  surfaces.  Incidentally  he  points  out  that  there 
is  no  limit  to  the  possible  amount  of  motion,  and  therefore  no  maximum 
of  temperature,  but  that  there  is  a  minimum  of  motion,  when  the  latter 
becomes  zero,  and  there  must  therefore  be  a  minimum  of  temperature, 
hi  a  later  paper  (1750)  he  proves  by  bis  hypothesis  that  the  pressure 
should  be,  as  it  was  then  known  to  be,  inversely  proportional  to  the 
vdtune.  And  he  goes  further,  for,  with  surprising  insight,  he  shows  that, 
with  increasing  pressure,  this  relation  will  no  longer  hold,  since  the  volumes 
of  the  particles  themselves  are  not  diminished.  The  reputed  discoverer 
d  this  consequence  of  the  theory  is  Dupr6  (who  was  thus  anticipated  by 
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115  years),  and  in  1873  van  der  Waals  finally  put  the  same  fact  into 
definit  form. 

In  all  this,  it  must  not  be  supposed  that  Lomonossoff  was  simply  a 
reasoner,  much  less  a  speculator.  The  discussion  is  loaded  with  a  wealth 
of  experimental  facts,  many  of  them  ascertained  by  himself.  It  is  es- 
pecially noteworthy,  also,  that  his  experiments,  almost  without  exception, 
were  quantitative.  When  we  remember  that  the  balance  is  a  stubborn 
instrument,  and  that  its  evidence  always  went  contrary  to  the  conclusions 
of  those  who  pinned  their  faith  to  heat-matter  and  phlogiston,  we  per- 
ceive how  completely  his  habits  of  work  and  attitude  of  mind  were  out 
of  harmony  with  those  of  his  contemporaries,  and  how  startlingly  inde- 
pendent were  his  modem  ways  of  experimenting  and  reasoning. 

Before  turning  to  the  part  of  his  work  that  was  more  especially  of  a 
chemical  and  physico-chemical  nature,  a  few  words  about  his  career  may 
be  of  interest.  He  was  bom  of  peasant  parents — ^Russian  peasant  parents 
of  the  early  eighteenth  century — about  the  year  171 1,  and  in  a  village 
forty-five  miles  from  Archangel.  Opportunities  for  education  there  were 
none.  Finally,  at  the  age  of  19,  he  reversed  the  procedure  of  the  typical 
boy  and  ran  away  to  go  to  school.  At  24  he  left  the  school  in  Moscow 
to  attend  the  lectures  of  the  professors  in  the  Academy  of  Sciences  in 
St.  Petersburg.  At  25  he  was  sent  on  a  traveling  scholarship  to  Marburg, 
where  he  studied  chemistry  under  Wolflf.  After  three  years  he  went 
to  Freiberg,  and  two  years  later  he  returned  to  St.  Petersburg.  In  both 
places,  when  he  moved,  the  Academy  had  to  pay  the  debts  that  he  had 
.  incurred.  Upon  his  return  home,  he  became  adjunct  professor  at  a  salary 
of  $900,  but  the  Academy,  being  poor  in  money,  paid  its  professors  largely 
by  gifts  of  copies  of  its  publications,  a  sort  of  product  for  which  there 
is  an  almost  infinitesimally  small  market.  A  year  later  we  find  him 
in  the  University,  lecturing  in  Latin  on  chemistry,  geography  and  the 
Russian  language.  Lecturing  in  Latin  upon  the  Russian  language  to 
Russian  students!  Such  simple,  blind  devotion  to  a  tradition  surprises 
us,  even  when  it  occtu's  in  a  University.  His  active  experimental  work 
as  a  chemist  began  in  1844,  when  he  was  33  years  of  age,  and  in  1745 
he  was  appointed  to  the  professorship  of  chemistry. 

After  three  years  of  planning,  a  chemical  laboratory  was  built,  and  on 
the  12th  of  October,  1748,  it  was  opened.  The  building,  a  modest  one, 
meastured  45  X  36  feet,  and  was  divided  into  a  large  room  for  work  and 
two  small  rooms  for  lectures  and  storage.  It  cost  $4000,  and  about  $1800 
additional  was  spent  on  furnaces  and  other  equipment.  Thus,  in  providing 
a  place  for  laboratory  instmction,  as  well  as  for  research  in  chemistry, 
Lomonossoff  was  fifty  years  ahead  of  Hope  in  Glasgow  and  seventy-five 
years  ahead  of  Liebig. 

Lomonossoff's  period  of  greatest  chemical  activity  was  compressed 


AN  9ARLY   PHYSICAL  CHBMIST. 


"5 


into  the  nine  years  that  followed  the  opening  of  the  laboratory,  for  in 
1757  he  resigned  his  chair.  During  the  remaining  eight  years  of  his  life 
the  numerous  activities  of  a  public  man,  and  a  diversion  of  his  interests 
ioto  other  scientific  lines,  interfered  with  chemical  work. 

Up  to  the  end  of  the  eighteenth  century,  there  was  utter  confusion 

of  thought  in  regard  to  the  composition  of  materials.     In  considering  the 

make-up  of  a  specimen,  and  the  changes  occurring  during  an  experiment, 

Int-matter,  light-matter  and  weight-matter,  as  well  as  phlogiston,  were 

taken  into  account.    As  we  have  seen,  even  Scheele  interpreted  the  phe- 

unena  he  observed  upon  the  theory  that  heat  was  an  oxide  of  phlogiston. 

decomposition  was  often  stated  in  terms  of  salt,  sulphur  and  merctuy, 

ikther  there  was  evidence  of  their  presence  or  not.    The  "elements" 

flf  Aristotle,  and  cognate  ideas,  were  used  in  describing  and  in  thinking 

ahwt  chemical  phenomena.     In  consequence,  Priestley  thought  he  had 

a  method  of  measuring  the  "goodness"  of  air — as  a  quality — ^when  in 

point  of  fact  he  was  meastuing  the  amount  of  oxygen — as  a  component. 

Vidi  the  basal  conceptions  thus  in  a  state  of  utter  chaos,  it  is  no  wonder 

^tthe  simplest  chemical  situations  were  wholly  mistmderstood,  and  that 

itiie  simplest  experimental  results,  being  described  in  terms  of  non-existent 

-entities,  and  thought  of  in  terms  of  non-existent  relations,  failed  of  their 

^ject    It  was  Lavoisier  who  received  the  credit  for  setting  our  ideas 

jpcraiaiiently  in  order,  by  his  emphasis  upon  the  significance  of  the  evidence 

[d  the  balance,  and  by  his  setting  forth  clearly  the  idea  of  chemical  com- 

and  their  component  elementary  substances,  and  by  giving  a 

list  of  the  latter. 

The  diemical  reformation  might  have  come  half  a  century  sooner, 

rer,  if  Lomonossoff's  papers  had  been  more  widely  known.    As 

have  seen,  to  him  heat  and  light  were  not  forms  of  matter  and  phlo- 

>n  had  no  existence.    His  forms  of  matter  were  the  same  as  ours, 

his  ideas  of  chemical  composition,  what  it  included  and  what  it  ex- 

inded,  the  same  as  ours.    In  his  "Elements  of  Mathematical  Chem- 

^"*  (1741)  and  in  a  later  paper,  "On  the  Imperceptible  Physical  Par- 

s  which  Compose  Natural  Materials  and  in  which  is  to  be  Pound 

^Sufficient  Basis  for  the  Specific  Properties''  (i  742-3),  he  gives  a  singularly 

and  minute  discussion  of  the  whole  subject.    He  distinguishes 

the  attributes  (weight,  volume,  etc.)  of  a  body  or  specimen, 

the  specific  properties  which  characterize  a  substance.    In  modem 

I,  he  defines  the  "imperceptible  particles"  or  "corpuscles"  (mole- 

0 1  which  are  portions  of  a  substance,  and  the  "physical  monads"  or 

^'dements"    (atoms)   which  are  not  decomposed  in  chemical  change. 

fe  draws  clearly  and  in  detail  the  distinction  between  simple  and  com- 

'  Thb  and  parts  of  others  of  his  papers  are  published,  iQ  Germao  translation,  in 
I's  Klassiker,  178. 
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pound  substances,  the  latter  of  which  contain  the  **principia"  (elementary 
forms  of  matter)  in  chemical  combination.  The  explanations  are  in 
experimental,  and  not  obscure,  theoretical  terms. 

In  the  paper  on  "Heat  and  Cold"  (1744-7)  he  refers  to  Boyle's  experi- 
ment, in  which  lead  was  sealed  up  in  a  retort  and  heated,  when  the  lead 
and  calx,  upon  removal,  were  found  to  have  increased  in  weight.  Ac- 
cording to  Boyle,  this  result  showed  that  the  heat,  which  alone  could  enter 
through  the  glass,  had  weight.  Lomonossoff,  of  course,  will  not  accept 
this  conclusion  and  points  out  that  the  increase  in  weight  of  metals  when 
heated  in  air  must  be  due  to  union  with  material  from  the  air,  just  as  their 
increase  in  weight  when  placed  in  the  flame  of  burning  sulfur  is  due  to 
union  with  "acid"  from  the  sulfur.  Later,  in  1756,  he  repeats  Boyle's 
experiment,  and  finds  that,  until  the  retort  is  opened  and  air  rushes  in, 
no  increase  in  weight  is  observable.  He  thus  performed  one  of  Lavoisier's 
most  fundamental  and  convincing  experiments  eighteen  years  in  advance, 
and  interpreted  it  correctly.  It  is  apparent  that  Lomonossoff's  sound 
views  were  based  upon  many  quantitative  experiments  on  combustion,  al- 
though the  laboratory  note-books  containing  the  details  have  not  yet  been 
found. 

But  if  Lomonossoff  anticipated  Lavoisier  in  his  work  upon  the  chemical 
relations  of  the  forms  of  matter,  he  went  far  beyond  Lavoisier  in  his 
views  in  regard  to  the  uses  of  mathematics  and  physics  in  chemistry, 
and  in  this  direction  anticipated  many  of  the  points  of  view  of  the  later 
nineteenth  century.  Lomonossoff's  unfinished  treatise,  "The  Elements 
of  Mathematical  Chemistry"  (1741),  of  which  only  a  fragment  survives, 
deals  with  a  conception  which,  in  all  his  writings,  he  never  ceased  to  urge, 
namely,  the  value  of  mathematical  methods  in  chemistry.  Ten  years 
later,  in  an  "Address  on  the  Uses  of  Chemistry"  (1751),  he  speaks  as 
follows : 

"If  chemistry  unites  to  solid  form  the  separated  and  scattered  partides 
in  a  solution,  and  brings  forth  various  formations,  it  must  be  that  shi 

reiies  upon  the  strictest  and  most  highly  developed  Geometry H 

she  changes  solids  into  liquids  and  liquids  into  solids,  and  divides  and 
unites  them  to  give  various  substances,  it  must  be  that  she  seeks  counsel 
of  the  most  exact  and  ingenious  Mechanics.  If  chemistry,  by  tmiot 
of  different  substances,  gives  rise  to  different  colors,  she  needs  the  help 

of  the  most  profound  optics If  the  knowledge-seeking,   tireless 

investigator  [in  response  to  this]  will  only  survey  her  through  geometry 
measure  her  forces  by  mechanics,  and  consider  her  through  the  sciena 
of  optics,  he  will  probably  reach  his  desired  goal."  In  this  we  seem  tc 
see  at  least  an  adumbration  of  chemical  crystallography,  and  of  chemica 
dynamics  and  statics.  He  continues:  "Why  have  investigators  had  n< 
success?     I  answer   that  for  this  a  very  skilful  chemist  is  needed,  wh< 
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is  at  the  same  time  a  mathematician."    Has  not  the  recent  development 
d  the  science  been  along  the  precise  lines  which  he  thus  lays  down? 

Lomonossoff's  applications  of  geometry  in  De  Niiro  (1749),  a  com- 
prehensive study  of  saltpeter,  will  illustrate  his  own  attempts  to  use  mathe- 
matical methods.  He  discusses  at  length  the  crystalline  form  of  the 
substance  and  proceeds,  to  develop  theory  of  crystalline  structure.  In 
saltpeter,  the  prismatic  form  can  be  accounted  for  by  an  arrangement 
of  round  particles,  in  such  a  way  that  lines  drawn  through  their  centers 
always  form  equilateral  triangles.  In  other  substances,  the  arrangement 
is  different,  so  that,  for  example,  in  common  salt,  the  lines  through  the 
putides  may  form  squares.  As  usual,  he  paid  the  penalty  of  being  far 
ahead  of  his  time.  Yet  he  had  anticipated  by  a  century  the  essential 
Goaceptions  of  Bravais  (1850),  whose  mathematical  study  of  all  possible 
^»ce  nets,  and  their  relation  to  existing  crystalline  forms,  coming  at  a 
more  favorable  time,  led  almost  immediately  to  the  completion  of  de- 
vdopment  along  this  line  by  Sohncke  (1867). 

In  the  same  address,  he  continues:  ''[The  chemist]  is  surely  luiapt, 
who  has  made  a  mass  of  experiments,  but  in  the  effort  to  secure  quickly 
accessible  products,  hastens  to  the  attainment  of  this  as  his  sole  goal; 
he  overlooks  those  phenomena  and  changes  occurring  in  his  operations 
vhich  might  lead  to  the  explanation  of  nature's  secrets."  If  this  view- 
poiiit,  with  its  contempt  for  purely  preparative  chemistry,  had  been  as 
prtHninent  in  the  creed  of  all  the  chemists  of  the  century  and  a  half  since 
Lomonossoff's  time,  as  it  was  in  his  own,  instead  of  being  until  recently 
the  ideal  of  only  a  few  scattered  chemists,  what  a  different  science  ours 
would  have  been!  How  many  papers,  signed  by  notable  names,  might 
have  offered  something  of  substantial  scientific  value,  in  place  of  a  mass 
of  new  entries  for  the  indexes  of  Beilstein  and  Dammer!  In  the  preface 
to  his  treatise  on  saltpeter,  he  develops  the  same  idea:  * 'Since  as  yet  no 
general  physical  bases  for  explaining  the  formation  and  composition 
of  chemical  substances  exist,  and  since  few  physical  experiments  have 
been  applied  in  chemistry  so  as  to  lead  to  the  desired  results,  it  may  seem 
difficult,  but  we  believe  it  to  be  possible,  scientifically,  to  describe  the 
greater  part  of  chemistry  in  terms  of  the  interrelations  of  its  own  principleSx 
and  their  connections  with  those  of  physics.  We  do  not  doubt  that, 
after  the  union  of  chemical  with  physical  truths,  we  shall  be  able  more 
successfully  to  understand  the  mner  nature  of  substances."  Be  it  under- 
stood, these  generalities  are  only  summaries  of  the  plans  of  study  which, 
m  his  experimental  work  and  in  his  papers,  he  attempts  in  thorough- 
going fashion  to  put  into  practice.  Uttered  as  they  were  in  the  heart 
of  the  period  of  phlogiston,  of  heat-matter,  and  of  confused  experimenta- 
tion and  reasoning,  they  have  an  uncanny  sound,  and  almost  terrify  us 
with  their  supernatural  prescience.     How  long  have  we  had  to  await 
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the  psychological  moment  for  the  general  application  of  these  ideas! 
Had  only  the  times  been  ripe;  had  only  the  atmosphere  been  healthy 
for  the  propagation  of  such  ideas  as  his,  instead  of  being  virulently 
poisonous  to  them,  our  science  might  easily,  by  now,  have  been  a  hundred 
years  ahead  of  its  present  position,  and  we  might  to-day  have  been  listen- 
ing to  papers  which,  as  it  is,  will  not  be  read  for  a  century.  If  Dante's 
Divina  Commedia  were  to  be  revised  by  a  chemist  and  brought  up  to 
date,  the  chief  change  he  would  make  would  be  the  provision  of  some 
horrible  and  revolting  torment,  calculated  to  give  Stahl  his  just  deserts. 

The  occasion  is  not  a  suitable  one  for  going  in  detail  into  the  mass  of 
(for  that  time)  novel  and  suggestive  quantitative  physico-chemical  ex- 
periments which  occupied  Lomonossoff  from  1752  to  1756.  The  extent 
of  his  plans — only  partially  fulfilled — ^may  be  judged  from  his  Dromus  ad 
veram  chyniam  physicam  (Course  in  True  Physical  Chemistry,  1 752) ,  of  which 
a  considerable  part  was  written,  and  much  survives.  In  the  introduction 
he  mentions,  among  other  aims  of  physical  chemistry,  this:  "One  must 
determine  the  specific  properties  of  every  substance  as  exactly  as  possible, 
in  order  that,  after  the  composition  has  been  ascertained  by  chemical  opera- 
tions, one  may  judge  whether,  and  to  what  extent  each  property  is  altered 
by  changing  a  given  constituent."  No  statement  of  one  of  the  purposes  of 
physical  chemistry  could  be  clearer. 

In  the  experimental  part  of  the  book,  salt  solutions  receive  much  at- 
tention, and  many  modem  problems  may  be  recognized,  such  as  measure- 
ment of  exact  solubilities  at  various  temperatures,  volume  changes  in 
solution,  heats  of  solution,  boiling  points  of  solutions,  relative  cohesion 
in  water  and  in  solutions,  capillary  phenomena,  action  of  electricity  upon 
solutions,  and  relative  deliquescent  tendencies  of  salts.  There  is,  of  course, 
a  good  deal  about  crystallography.  In  the  absence  of  the  laboratory 
note-books,  only  parts  of  some  of  the  tabulated  results  have  been  found. 
One  set  of  experiments,  chiefly  with  common  salt,  led  to  the  conclusion 
that  the  freezing  points  of  solutions  are  lower  in  proportion  to  the  amount 
of  the  dissolved  body.  Even  the  most  insignificant  experiments  were 
carried  out  quantitatively. 

In  Lomonossoff's  laboratory,  a  good  deal  of  special  apparatus  was  de- 
vised. Measurements  of  the  coefficient  of  expansion  of  air  had  been 
made,  and  a  value  (recalculated  to  i  ®  C.)  of  0.003  (i^i  place  of  0.00367) 
was  found.  This  led  to  the  construction  of  an  air  thermometer  for  measur- 
ing low  temperatures.  Incidentally,  he  reformed  the  Delisle  scale  of 
temperatures,  which  ran  downwards  from  o®  at  the  boiling  point  of  water 
to  1 50°  at  the  freezing  point,  by  simply  inverting  it  (o**  L.  «o®  C,  150®  L.  =* 
100 ^^  C).  A  thermostat  for  ice  and  water  was  employed  in  some  experi- 
ments, and  instruments  for  the  study  of  oceanography,  devised  by  him, 
came  afterwards  into  general  use.    One  of  the  most  extensive  pieces 
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of  work  done  in  his  laboratory  was  a  study  of  colored  glasses  and  mosaics, 
the  results  of  which  led  to  the  establishment  of  a  factory,  still  in  suc- 
cessful operation,  near  St.  Petersburg. 

The  achievements  of  Lomonossoff  outside  of  chemistry  were  as  remark- 
able as  those  within  that  science.  He  wrote  a  treatise  on  Metalling, 
nude  investigations  in  Meteorology  and  especially  atmospheric  electricity, 
m  Geology,  and  in  Mineralogy,  and  he  superintended  the  equipment  of  ex- 
peditions for  geographical  exploration.  He  observed  the  transit  of  Venus 
of  1 76 1,  and  drew  from  his  observations  the  conclusion  that  the  planet 
tad  an  atmosphere  "similar  to,  or  perhaps  greater  than  that  of  the  earth," 
i  discovery  generally  attributed  to  Schr6ter  and  Hersdid  (1791). 

No  undertaking  that   required  courage   and  originality  was  outside 

it  comprehensive  sphere  of  his  interests.    He  was  the  first  to  attempt 

to  apply  modem  forms  to  the  writing  of  poetry  in  the  Russian  language, 

aad  was  the  author  of  odes,  poems,  and  even  of  tragedies  to  be  performed 

in  the  Court  Theater.    He  prepared  a  Russian  grammar  and  a  treatise 

oa  ihetoric   He  devised  a  vocabulary  for  expressing  scientific  conceptions, 

and  his  terms  are  those  now  in  use  in  Russia.    As  the  most  prominent 

Russian  man  of  science  of  his  time,  public  a£Fairs  claimed  much  of  his 

strength.     Taking  him  all  in  all,   the  rediscovery  of  Lomonossoff  has 

added  at  once  a  chemist  of  the  first  magnitude  and  a  personalty  of 

marvelous  force  and  range  to  the  limited  gallery  of  the  World's  very 

greatest  men. 
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THE  POTENTIAL  OF  THE  POTASSIUM  ELECTRODE. 

Bt  Gilbbkt  N.  LBwn  amd  FstmnticK  G.  Ksybs. 
Recdved  Nofvcmbcr  29.  1911. 

The  method  employed  by  Lewis  and  Kraus^  for  the  determination 
of  the  potential  of  the  sodium  electrode  is  applicable  in  a  nimiber  of 
similar  cases.  We  shall  describe  in  this  paper  a  similar  determination 
of  the  potential  of  the  potassium  electrode,  together  with  some  prelim- 
mary  experiments  carried  out  for  the  purpose  of  seeing  how  far  the  same 
method  is  available  in  the  case  of  lithium,  rubidium,  caesium  and  the 
metals  of  the  alkaline  earths. 

We  first  determined  the  potential  of  a  dilute  potassium  amalgam  in 
an  aqueous  solution  of  potassium  hydroxide,  against  a  normal  calomel 
dectrode,  and  thus  were  able  to  calculate  the  potential  of  this  potassium 
amalgam  against  a  normal  solution  of  potassium  ion  in  water.  It  re- 
mained to  detennine  the  difiFerence  in  potential  between  this  amalgam 
of  potassium  and  pure  metallic  potassium.  This  difiFerence  of  potential 
>  Tbis  Joxtxmal,  33, 1459  (1910). 
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is  measured  by  the  electromotive  force  of  a  cell  with  electrodes  of  pure 
potassium  and  this  potassium  amalgam,  and  with  a  suitable  electrolyte.  Any 
electrolyte  will  serve  which  contains  potassium  salt  and  remains  un- 
attacked  by  the  electrodes.  A  solution  of  potassium  iodide  in  liquid 
ethylamine  fulfils  these  conditions. 

The  apparatus  for  preparing  and  storing  the  amalgam  and  the  an- 
hydrous  ethylamine    has    been    described     in     the     preceding     paper. 
The   cell   was    made   and    fUled    substantially    as   before.     The   vessel 
in  which  the  potential  of  the  amalgam  was  measured  against  the  normal 
electrode  was  somewhat  modified,  as  described  in  the  following  section. 
Electrode  PoteittUl  of  o.3ai6  per  cent.  Potassiiun  Amalgam. 
The  apparatus  here  used  is  shown  in  Fig.  i .     The  amalgam  was  admitted 
to  tbe  dectrode  E  from  the  reservoir  A  through  the  stopcock  5.      The 
electrode  chamber  was  filled  through  K 
with  a  solution  of  potassium  hydroxide 
of  concentration  0.2036  N,  which,  more* 
over,  completely   filled    the    connecting 
tube  C.    The  tube  /  contained  the  inter- 
mediate liquid  0.2  N  KG,  and  into  this 
*  also  dipped  the  end  of  a  normal  electrode, 

B,  of  the  form  commonly  used  in  this 
laboratory. 

The  electromotive  force  of  this  combina- 
tion at  first  was  2. 1892  volts,  but  changed 
slowly  on  standii^.     A  little  more  amal- 
gam was  admitted  to  E,  effecting  a  re- 
'  moval   of  the  electrode  surface.     Since 
this  forced  a  certain  amoimt  of  the  hydroxide  into  the  intermediate  solution , 
the  latter  was  also  renewed.     The  electromotive  force  then  returned  to 
the  initial  value.     This  process  of  renewal  was  repeated  many  times  and 
frequently  the  potassium  hydroxide  in  the  electrode  chamber  was  also 
renewed  through  K.     On  standing,  the  e.  m.  f.  usually  diminished  at  the 
rate  of  2-3  millivolts  per  hour,  owing  to  small  changes  in  concentration 
occurring  at  the  surface  of  the  amalgam  electrode.     On  renewing  the 
surface  the  e.  m.  f.  almost  always  returned  to  the  value  2.1890  or  2.1891 , 
although  occasionally  it  deviated  from  this  value  by  several  tenths  of 
a  millivolt.     As  a  final  value  we  have  chosen  2.1S91. 

This  value  includes  the  two  liquid  potentials  0.2  N  KOH-o.s  N  KCl, 
and  0.2  N  KO-N  KCI.  The  latter  potential  we  will  neglect.  We  have 
taken  for  the  former  the  value  0.0169  ^rom  the  work  of  Lewis  and  Sargent.' 
This  potential  is  in  such  a  direction  that  the  total  e.  m.  f.  exclusive  of 
liquid  potentials  is  2.1891  +  0.0169  =  2.2060.  Assuming  the  degree 
'  This  Journal,  31,  367  (1909). 
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of  dissodation  to  be  0.83,  the  concentration  of  potassium  ion  in  the  0.2026  N 
potassimn  hydroxide  would  be  0.168 1  N.  By  means  then  of  the  Nemst 
equation  we  find  for  the  potential  of  the  dilute  potassium  amalgam  i^ainst 
nonnal  potassium  ion,  2.1603  volts  at  25^,  the  potential  of  the  normal 
ekctrode  being  taken  as  zero. 

KflEerenoe  in  Electrode  Potential  between  Potassium  and  the  Potassium 

Amalgam. 

The  first  cell  with  electrodes  of  potassitun  and  potassium  amalgam, 

aaiwith  an  electrolyte  consisting  of  a  solution  of  potassium  iodide  in 

Eqnid  ethylainine,  was  set  up  during  the  course  of  the  preceding  investiga- 

tkn     The    cell    was    found  less  satisfactory  than    the    correspond- 

ffl|  sodium  ceU.    In  the  first  place,  owing  to  the  much  smaller  solubility 

of  potassium  iodide,  the  potentiometer  was  much  less  sensitive.    More- 

OTer,  the  solid  metal  appeared  to  be  attacked  by  the  amine  solution. 

T&is  is  extraordinary,  as  we  have  since  sealed  up  potassium  with  ethyl- 

anine  and  heated  to  70-80®  without  any  observable  reaction,  and  even 

after  standing  for  some  months  the  metal  retained  its  bright  untarnished 

loster,  while  the  liquid  above  the  metal  showed  no  measurable  electrical 

cnoductivity. 

Nevertheless,  in  this  first  cell,  a  blue  color,  due  doubtless  to  solution 
of  the  metal,  appeared  near  the  potassium  electrode.  In  the  course 
of  several  days  loose  particles  of  metal,  which  had  obviously  come  from  a 
kind  of  disintegration  of  the  potassium  electrode,  were  seen  floating  about 
m  the  solution.  However,  during  the  first  day  or  two  it  was  possible 
to  obtain  fairly  satisfactory  values  of  the  e.  m.  f .  when  the  contents  of 
the  cell  were  thoroughly  stirred.  These  values  varied  between  1.0475  and 
1.0485,  the  mean  being  1.0480. 

The  solution  which  had  remained  for  more  than  a  year  in  contact 
with  metal  and  amalgam  in  this  cell  we  decanted  into  a  new  cell  with  fresh 
ciectrodes,  suitable  precautions  being  taken  to  avoid  the  entrance  of  air 
or  moisture.  The  dectrpmotive  force  of  this  cell  varied  over  an  extreme 
range  of  0.0006  volt,  the  mean  value  of  the  e.  m.  f.  being  1.0482.  A 
tfaiid  cell,  containing  fresh  materials  throughout,  gave  an  e.  m.  f .  varying 
through  a  range  of  0.0008  volt,  with  a  mean  of  i  .0481 .  This  value,  1,0481 
%^,  may  be  taken  as  the  mean  of  the  three  cells.  In  order  now  to  obtain 
the  electrode  potential  of  solid  potassium  against  a  normal  solution  of 
potassium  ion  in  water,  it  is  only  necessary  to  add  this  value  to  the  elec- 
trode potential  of  the  potassium  amalgam,  namely,  2.1603  +  10481  = 
1-2084  volts. 

Die  Heat  of  Solution  of  Potassium  in  Mercury ;  Experiments  on  Other 

Metals. 
The  temperature  coefiicient  of  the  e.  m.  f.  of  the  cell  with  potassium 
aad  potassium  amalgam  electrodes  was  measured  between  25°  and  o^ 
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and  fotmd  to  be  — 0.000272  volt  per  degree.  We  may  therefore  determiiri 
the  heat  of  solution  of  potassium  in  0.2216%  potassium  amalgam  witl^ 
the  aid  of  the  Gibbs-Helmholtz  equation, 

E  —  Q/F  =  T  dE/dT, 

where  Q  is  the  heat  evolved  in  the  solution  of  one  equivalent  of  potassiumi 
in  a  large  quantity  of  0.2216%  amalgam,  and  F  is  the  Faraday  equivalent. 
Using  the  same  values  of  F  and  the  mechanical  equivalent  of  heat  as  in 
the  preceding  paper,  we  find  Q  equal  to  109060  joules  or  26050  cal. 

Experiments  are  in  progress  to  determin  how  far  the  method  used 
for  the  electrode  potential  of  sodium  and  potassium  is  applicable 
to  other  metals  of  the  alkalies  and  alkaline  earths.  Lithium'  is  soluble 
in  ethylamine  and  it  has  therefore  been  necessary  to  prepare  for  this 
piupose  dry  propylamine  in  which  lithium  iodide  proves  to  be  readily 
soluble.  In  the  case  of  rubidium  and  caesium  a  serious  difficulty  has 
been  encountered,  due  to  the  fact  that  their  iodides  are  practically  insoluble 
in  ethylamme.  It  will  therefore  be  necessary  in  these  cases  to  choose 
another  type  of  solvent  or  of  salt.  The  iodides  of  calcium,  strontium 
and  barium  are  soluble  in  ethylamine,  the  solubility  diminishing  in 
the  order  given.  ^  Therefore  the  problem  consists  in  obtaining  the  metals 
in  a  state  of  sufficient  purit>^,  and  in  devising  a  method  of  introducing 
them  into  the  cell,  for  on  account  of  their  high  melting  point  the  method 
hitherto  employed  is  impossible. 

Summaiy. 

The  potential  of  potassium  in  a  normal  solution  of  potassitun  ion  at 
25^  is  found  to  be  3.2084  volts  against  the  normal  calomel  electrode  taken 
as  zero. 

This  is  the  sum  of  two  values:  (i)  2.1603  volts,  the  potential  of  0.2216% 
potassium  amalgam  agamst  normal  potassium  ion,  and  (2)  1.0481  volts, 
the  difference  in  potential  between  potassium  and  0.2216%  potassium 
amalgam  in  a  solution  of  potassium  iodide  in  ethylamine. 

The  temperature  coefficient  of  the  latter  electromotive  force  is  — 0.0002  72 
volt  per  degree;  hence  the  heat  of  solution  of  potassium  in  merctuy  is 
2^50  cal. 

We  wish  to  express  our  indebtedness  to  the  Bache  fund  of  the  National 
Academy  for  fft^qri^'fl^  aid  in  prosecuting  this  investigation. 

w 

^  An  interesting  phenomenon  has  been  observed  in  the  case  of  several  of  the  iodides 
when  treated  with  ethylamine.  The  dry  salt  dissolves  until  a  definit  concentration 
(as  measm-ed  by  conductivity)  is  reached.  The  solubility  then  remains  constant 
for  some  hours  until  a  new  voluminous  solid  phase  appears  which  undoubtedly  contains 
ethylamine  of  crystallization.  In  the  case  of  calcium  iodide  the  swelling  of  the  solid, 
due  to  the  formation  of  this  new  phase,  was  so  considerable  as  to  burst  the  containing 
tube. 
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L  Introductioii:  i.  Purpote  of  the  Investigation.  3.  Sources  of  Uncertainty  in 
SOrensen's  Method.  II.  Hydrolysis  of  Sodium  Oxalate:  i.  Theoretical  Considera- 
tioos:  (a)  Calculation  of  the  Theoretical  Hydrolysis;  (6)  Calculation  of  Standards  for 
ComiMrison;  (c)  Choice  of  Indicator  for  Comparison.  2.  Experimental  Pflftt:  (o)  Puri- 
fistion  and  Preparation  of  Materials  and  Solutions;  (b)  Stability  of  Sodium  Oxalate 
Sdntioos;  (c)  Efifect  of  Sodium  Oxalate  Solution  on  Glass;  (d)  Presence  of  Sodium  Bicar- 
loKte  in  Sodium  Oxalate;  (e)  Colorimetric  Comparisons.  3.  Conclusions  from  the 
C—parisons.  4.  Discussion  of  Discrepancies.  III.  Determination  of  Excess  Alkali  or 
Add  in  Sodhim  Oxalate:  i.  Error  Caused  by  Neglecting  Hydrolysis.  3.  Calculation 
rflmpurities  Present   3.  Effect  of  Impurities  on  Standardizing  Value.    IV.  Summary. 

I.  Introduction. 

1.  Purpose  of  the  Investigation. — ^The  use  of  sodium  oxalate  as  a  primary 
stBndard  for  addimetry  and  oxidimetry  was  suggested  in  1897  by  S6ren- 
seo,'  who  described  its  preparation,  testing  and  use,  in  subsequent  papers.' 
Its  general  adoption  as  a  standard  has  been  hindered  by  the  difficulty 
of  securing  from  the  manufacturers  material  of  a  purity  conforming  to 
the  specifications  prepared  by  S6rensen.^  In  order  to  determine  the  com- 
poation  of  sodium  oxalate  as  purchased,  and  to  secure,  if  possible,  a  mate- 
rial of  the  requisite  purity  ^o  issue  as  a  standard  sample,  specimens  of 
sodium  oxalate  were  obtained  by  purchase  in  the  open  market  or  directly 
from  the  maker,  from  two  European  and  three  American  manufacturers. 
In  the  course  of  the  subsequent  tests,  the  methods  described  by  Sdrensen 
irere  found  satisfactory,  with  the  exception  of  that  for  the  determination 
of  soditim  carbonate  or  sodium  add  oxalate,  in  which  discrepandes  were 
found,  which  led  to  the  following  investigation.  Sdrensen's  directions 
are  given  in  the  following  paragraph,  and  an  improved  method,  based 
on  this  investigation,  is  described  in  the  final  summary : 

2.  Sources  of  Uncertainty  in  Sdrensen's  Method, — Sdrensen's  method 
for  testing  the  neutrality  of  the  sodium  oxalate  is  as  follows:  Introduce 
into  a  conical  Jena  flask  about  250  cc.  of  water  and  10  drops  of  phenol- 
phtfaalein  solution  (0.5  gram  phenolphthalein  dissolved  in  50  cc.  alcohol 
and  50  cc.  of  water),  and  evaporate  to  180  cc.  while  passing  in  a  current 
of  pure  air,  free  from  carbon  dioxide.  Allow  to  cool  to  the  ordinary 
temperature  and  add  5  grams  of  sodium  oxalate.  Upon  shaking  care- 
fully, while  maintaining  the  current  of  air,  the  oxalate  slowly  dissolves. 
If  the  solution  is'  red,  not  more  than  4  drops  of  decinormal  acid  should 

*  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
■  Z.  anoL  Chem.,  36,  63^43  (1897). 

*  /wa.,  42, 333-59. 5"-^  (1903). 

*Merck»  "Prttfnng  der  Chemischen  Reagenzien  auf  Reinheit,"  (1905);   Kranch- 
Mock,  "Cfacmkal  Reagents,"  (1907). 
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be  required  to  render  it  colorless,  while  if  the  solution  is  colorless,  it 
should  acquire  a  distinct  red  color  upon  the  addition  of  not  more  than 
2  drops  of  dednormal  sodium  hydroxide. 

Preliminary  experiments  showed  that  the  following  points  in  the  above 
method  required  investigation: 

(a)  Is  pure  sodium  oxalate  neutral  toward  phenolphthalein,  or  is  the 
hydrolysis^uffident  to  produce  an  alkaline  reaction? 

(6)  Does  sodium  oxalate  solution  decompose  on  boiling,  or  is  the  in- 
creased alkalinity  due  to  the  action  upon  the  glass? 

(c)  Is  any  excess  of  alkali  present  entirely  in  the  form  of  NajCO,,  or 
may  NaHCO,  actually  exist  in  a  material  heated  to  240®? 

(d)  Under  given  conditions  of  titration,  to  what  form  should  the  ex- 
cess of  alkali  or  acid  be  calculated,  and  what  errors  in  the  use  of  sodium 
oxalate  as  an  addimetric  or  oxidimetric  standard  are  caused  by  the  pres- 
ence of  a  given  excess  of  add  or  alkali? 

II.  The  Hydrolysis  of  Sodium  Oxalate. 

I.  Theoretical  Considerations, — Souchay  and  Lenssen^  stated  that  "the 
aqueous  solution  does  not  affect  curcuma  paper,  but  blues  red  litmus 
paper,  especially  on  boiling."  Sdrensen*  considered  that  the  slightly 
alkaline  reaction  which  most  of  his  preparations  showed  toward  phenol- 
phthalein  was  probably  due  to  a  trace  o^  sodium  carbonate,  though 
admitting  the  possibility  of  alkalinity  due  to  hydrolysis,  in  the  sense  of 
the  equation 

Na,C,0,  +  H,0  «  NaOH  +  NaHC,0,. 

Smce  the  apparent  alkalinity  of  his  samples  (a  maximum  of  about  0.05% 
NajCOj)  represented  a  negligible  error  when  used  as  an  addimetric  stand- 
ard, Sorensen  dismissed  the  subject  without  further  study. 

(a)  Calculation  of  the  Theoretical  Hydrolysis. — ^The  hydrolysis  of  sodium 
oxalate  may  be  represented  thus: 

Na,CjO,  +  H,0  ;jl^  NaHCjO,  +  NaOH 
which  may  be  expressed  as  follows  in  terms  of  ions: 

Na^CjO^  ^  2Na+  +  0,0,— 

0,0,—  +  H,o  :^  Hc,or  +  oh-. 

The  hydrolysis  may  be  considered  as  due  entirely  to  the  small  value 
of  the  ionization  constant  of  the  second  hydrogen  of  oxalic  add,  which 
is  only  about  one-thousandth  of  that  of  the  first  hydrogen  of  this  add.* 
In  such  a  solution,  therefore,  {HC^O,"]  is  practically  equal  to  [OH"], 
while  [CjO,-"]  is  equal  to  the  product  of  the  concentration  of  the  salt 
and  its  ionization.    Thus: 

»  Ann.,  99>  33  (1856)- 

»  Z.  anal.  Chem.,  42,  351  (1903). 

»  Chandler,  This  Journai<,  30,  694-713  (1908). 


THB  HYDKOLYSIS  OB  SODIUM  OXALATS.  125 

rHro-i=rnH-i  k     _  [H-^][C,Or-] 

[HCO,  ]  -  [OH  ]  K^  -      [UCfin 

[c,o/-]  -  rc      •  ^w  -  [H+10H-] 

wiiere  c  =  molar  concentration  of  the  solution,  i.  e.,  the  number  of  gram 
molecules  in  one  liter  of  the  solution. 
Y^  =  ionization  of  the  salt. 

K^^  =  dissociation  constant  for  the  second  H  of  HjCjO^. 

K^  =  dissociation  constant  for  H,0. 

By  substitution  [H+]  =  VKa/C^/t^- 

To  calculate  [tL^]  for  o.i  M  (molar)  solution  of  sodium  oxalate,  the 
Uoving  values  were  employed : 

^A.  =  45  X  icr\* 
K^^.  «  I.I  X  IO-"    and    K^^.  =  0.6  X  io-".t 

Round  number  employed. 

from  which          [H"*']jg.  =  1.96  X  lo**  2.0  X  io~' 

and         [OH*]ig.  =  3.06  X  lo"*  3.1  X  lo"* 

[H+]j5.  =  2.66  X  lo-'  2.7  X  10-" 

,  [OH-]25»  =  4-14  X  IO-*  4.1  X  IO-* 

In  the  subsequent  calculatioi^s  the  round  numbers  indicated  have  been 
ozqdoyed. 

(6)  Calculation  of  Standards  for  Comparison, — For  the  purpose  of 
oomparison,  standards  of  calculated  alkalinity  were  prepared  from  mix- 
tures of  ammonium  chloride  and  hydroxide,   on  the  following  basis: 

^Qiandkr  [This  Journai«,  30,  694-713  (1908)]  found  by  partition  experiments 
4-1  x[io"*,  and  by  conductivity,  4.9  X  io~*.  The  mean  value  4.5  X  lo"*  has  been 
cii|)k)yed  for  both  18^  and  25 ^  although  detennined  by  Chandler  at  25°;  since  the 
^■■{KnitQre  coefficient  is  probably  less  than  the  uncertainty  in  the  value  for  25^. 

t  Derived  from  the  following  values:  25 ^  I8^ 

K  X  10".  K  X  10'*. 

Airhenius,  Z.  physik.  Chem.,  iz,  805  (1893). . .  1.2 

Wi)s  &  van't  Hoff,  Ibid.,  12,  514  (1893) 1.4  0.64 

Lowenherz,  Ibid.,  20,  283  (1896) 1.4 

Kanoh,  This  JOTJRNAL,  29,  1402  (1907) 0.8  0.46 

Hudson, /Md.,  31,  II 30  (1909) i.o 

Larenz  &.  Bohi,  Z.  physik.  Chem.,  66, 733  (1909)  1.2  0.72 

HeydwciUer,  Ann.  Physik,  28,  503  (1909) i  .0  0.59 

[Recalc.  from  K<^ilrau8ch  &  HeydwejUer,  Wied, 

^««.,  S3f  709  (1894)]  

Mean,     i.i  0.60 

*KoUrausdi  [Leiivermdgen  der  EUkirolyte,  p.  161  (1898)]  and  Noyes  and  Johns- 
ton [This  Journal,  31,  987  (1909)],  both  found  for  o.i  M  Kfifi^  at  18**,  r  ==  o-7» 
vhidi  vahie  has  been  assumed  to  hold  for  Na^C^O^. 


136  WII.LIAM  BLX7M. 

The  ionization  constant*  of  ammonium  hydroxide  at  25°  —  1.8  X  lo"*, 

[NH^irOH-]  ,  ^  ,       ^^.,  ^^,     [NH;^]    ,  1.8  X  io-» 
[NH,OH]  [NH4OH]  [OHi 

.         [NH;-]    ^  1.8  X  IP"*  ^ 
•  •     [NH^OH]  "  4.1  X  io-«  "  ^"* 

Since,  however,  0.1  N  NH^Q  is  about  85%  ionized^  it  is  necessary  to 
use  4.4  -^  0.85  =  5.2  parts  of  o.i  N  NH^Cl  to  i  part  o.i  N  NH4OH  to 
prepare  a  solution  in  which  [H+jjjo  =  2.7  X  io~*. 

A  second  comparison  was  made  with  0.1  N  sodium  acetate,  for  which 
the  following  constants  were  employed : 

r  =  0.8 


from  which  [H+]  =-  VKaJC^/tC  =  1.6  X  icr», 

f.  e.,  0.1  N  sodium  acetate  should  be  slightly  more  alkaline  than  0.1  M 

sodium  oxalate. 

Mixtiures  of  0.1  N  sodium  borate  and  hydrochloric  add,  and  of  glycocoU 
and  sodium  hydroxide  were  also  prepared,  according  to  Sdrensen'  who 
calculated  [H***]!,.  for  such  solutions  from  e.  m.  f.  measurements  with 
a  hydrogen  electrode.^  As  his  measurements  were  made  at  18^,  the 
observations  were  confined  to  that  temperature. 

(c)  Choice  of  Indicator  for  Comparison, — Preliminary  tests  showed 
that  phenolphthalein  is  the  only  indicator  that  is  sensitive  in  solutions 
of  exactly  this  alkalinity.  Alizarin,  cyanin  and  dinitrohydroquinone 
all  proved  unsatisfactory  for  accurate  matching,  though  the  latter  was 
sufficiently  sensitive  to  confirm  approximately  the  residts  with  phenol- 
phthalein. The  indicator  selected  for  the  final  comparison  was,  therefore, 
phenolphthalein,  for  which  the  most  probable  value'  of  K^  is  1.7  X  io~*^ 
In  a  solution  in  which  [H+]25o  =  2.7  X  lo"*  this  indicator  should,  there- 
fore, be  transformed  into  its  salt  to  the  extent  of  5.9%.' 

t^:^  P  .  X.7  X  xo- 
[HI] 

*  Noyes  and  Sosman,   "Electrical  Conductivity  of  Aqueous   Solutions,"  Cam, 
Inst  Pub,,  63,  228  (1908). 

'  Calculated  from  Kohlrausch,  "Leitverm5gen  der  Elektrolyte,"  p.  159  (1898). 

*  Noyes  and  Sosman,  loc,  cit, 

*  SGrtosen,  Cotnpt,  rend.  trav.  lab.  Carlsberg,  8,  1-168  (19 10);   Biochem,  Z.,  21, 
131-304  (1910). 

*  Several  of  SOrensen's  mixtures  were  checked  electrometrically  and  colorimetiic- 
ally  by  Auerbach  and  Pick,  Arbeit.  Kais.  Gesundheilsamte,  38,  243-74  (1911}. 

*  Hildebrand,  Z.  Elektrochem.,  14,  351  (1908).    Wegscheider,  Ibid.,  510  (1908). 
Rosenstein  (Mass.  Inst.  Tech.),  private  communication  from  W.  C.  Bray. 

*  Noyes,  This  Journal,  aa,  861  (1910). 
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P^  -  liLiii^*  .  6.3  X  lo- -  1:1 

[HI]       2.7  X  IO-*  94.1 

These  calculations  are  based  upon  the  assumption  that  the  ionization 
coDStant  of  phenolphthalein  is  the  same  at  i8^  and  25^  and  that  the 
ccdor  of  the  indicator  is  not  materially  affected  by  the  presence  of  neutral 
salts. 

2.   Experimental  Part. 
(a)  Purification  and  Preparation  of  Materials  and  SoluUons. 
Atr.— Air  was  freed  from  carbon  dioxide  by  passage  through  two  wash 
bottks  containing  30%  potassium  h3rdroxide  and  a  U  tube  with  a  ten-inch 
Cflfanm  of  soda  lime,  followed  by  absorbent  cotton. 

Water. — ^The  regular  distilled  water  was  re-distilled  from  alkaline  per- 
Boganate.  It  was  then  boiled  in  a  seasoned  Jena  flask  for  two  hours 
■a stream  of  pure  air  and  preserved  in  a  Jena  flask  provided  with  a  siphon 
oi  a  soda  lime  guard  tube.  This  water  has  a  specific  conductivity 
flf  2  X  TO'*  rdnprocal  ohms  and  evolved  no  carbon  dioxide  when  a  small 
porticm  was  boiled  for  one-half  hour  in  a  stream  of  pure  air,  which  after 
bong  dried  with  calcium  chloride  was  passed  through  a  weighed  soda 
Soetube. 

Sodium  Oxalate. — Pure  sodium  oxalate  was  prepared  from  two  com- 
aodal  samples.  One,  designated  A,  contained  originally  (as  determined 
k  the  final  tests)  0.02%  NaHCjO^,  while  that  marked  B  contained  0.04% 
Na,CO,  and  considerable  CaCjO^.  These  materials  were  recrystallized 
in  platinum,  the  solutions  being  electrically  heated,  and  the  surrounding 
atmosphere  being  kept  as  free  from  carbon  dioxide  as  possible.  "The 
iine  crystals  obtained  were  sucked  dry  on  a  platinum  cone,  and  dried  in 
ai  dectric  oven  at  240**.  A  portion  of  the  product  of  the  third  recrystal- 
faation  of  B.was  dissolved  in  water  and  precipitated  by  the  addition 
of  double  distilled  neutral  alcohol,  the  product  being  filtered  out  and 
^ried  as  above.  The  following  samples  of  sodium  oxalate  were  thus 
obtained: 
Water  crystallization,  A„  A,;  Bj,  B„  Bg. 
Alcohol  precipitation  B4. 
Since  in  subsequent  tests  these  samples  were  found  to  produce  almost 
fte  same  colors  with  phenolphthalein,  we  may  conclude  that  a  single 
later  crystallization  eliminated  practically  all  of  the  impurities  above 
aoted,  and  as  a  constant  and  uniform  product  was  obtained  by  recrystal- 
lization  of  materials  originally  respectively  acid  and  alkaline,  it  is  reason- 
^  certain  that  the  product  represented  pure  sodium  oxalate. 

Ammonium  Chloride. — ^A  normal  solution  was  prepared  from  J.  T. 
Baker's  special  ammonitun  chloride,  dried  at  iio^  for  two  hours.  This 
material  was  found  to  contain  no  organic  bases  when  tested  according 
toKxauch. 
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AmmofUutn  Hydroxide. — A  decinoniial  solution  was  prepared  from 
re-distilled  ammonia  and  standardized  against  decinormal  hydrochloric 
acid,  which  in  turn  was  standardized  gravimetrically  by  means  of  silver 
chloride.  Methyl  red  was  used  as  the  indicator.  The  solution  was  pre- 
served in  a  ceresin-lined  bottle  and  measured  in  a  burette  closed  with  a 
soda  lime  tube. 

Sodium  Hydroxide. — Pure  material  was  prepared  from  metallic  sodium 
with  exclusion  of  carbon  dioxide.*  The  restdting  strong  solution  was 
titrated  against  standard  hydrochloric  acid  and  diluted  to  o.oi  N  solution, 
which  was  preserved  in  a  ceresin-lined  bottle. 

Oxalic  Acid, — ^A  o.oi  N  solution  was  prepared  from  J.  T.  Bcdcer's 
crystallized  oxalic  acid. 

Sodium  Acetate, — Merck's  crystallized  sodium  acetate  was  recrystallized 
in  platinum.  The  products  of  the  crystallizations  were  sucked  dry  on  a 
platinum  cone,  dried  between  filter  paper  and  finally  air-dried. 

Sodium  borate  (Na^B^Oy)  solution  was  prepared  from  equivalent  quanti- 
ties of  twice  recrystallized  boric  acid,  and  pure  sodium  hydroxide. 

Glycocoll  (amino-acetic  acid)  solution  was  prepared  according  to  Soren- 
sen,  by  dissolving  7.505  grams  glycocoll  (Kahlbaum)  and  5.85  grams 
NaCl  in  one  liter. 

Pkenolphthalein, — ^A  i  %  alcoholic  solution  of  the  indicator  was  employed 
i,  e.,  about  0.03  N,  In  each  comparison  exactly  0.2  cc.  of  this  solution 
was  employed  in  a  total  volume  of  150  cc,  tlius  giving  a  solution  in  which 
the .  phenolphthalein  is  about  i  j 22000  N.  According  to  McCoy,'  the 
saturated  aqueous  solution  of  this  indicator  is  about  ijiioooN,  A 
solution  of  such  concentration  (t.  «.,  0.4  cc.  in  150  cc.)  was,  however, 
always  turbid,  so  that  the  smaller  concentration  was  employed,  giving 
a  color  of  convenient  intensity  for  comparison.  Alcohol  was  not  pres- 
ent in  amount  sufficient  to  aflFect  the  color'  of  the  indicator. 

(6)  Stability  of  Sodium  Oxalate  Soluiions, — Before  attempting  to  pre- 
pare and  test  pure  sodium  oxalate,  it  was  necessary  to  determine  the  effect 
of  heat  upon  its  solution.  Sorensen^  found  that  a  sodium  oxalate  solu- 
tion became  more  alkaline  upon  boilmg,  whether  in  water  that  had  pre- 
viouvsly  been  boiled  or  not,  and  equally  in  a  stream  of  air,  oxygen  or  nitro- 
gen. He  attributed  the  increased  alkalinity  to  a  decomposition  in  the 
sense  of  the  equation 

2Na2C,0,  -I-  HjO  =  COa  +  Na^CO,  +  2HC00Na, 

*  Findlay,  "Practical  Physical  Chemistry,"  p.  176  (1906). 
'  Am.  Chem.  /.,  31,  503  (1904). 

'  McCoy,   Ibid.,  31,  503   (1904).     Hildebrcmd,    Z.  Elektrochem.,    14,    351  (1908). 
This  Journal,  30,  1914  (1908). 

*  Z.  anal.  Chem,,  42,  352  (1Q03). 
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iqnotmg  Carles^  who  fouad  that  oxalic  acid  solution  decomposed  similarly 
if  boiled  in  a  stream  of  an  inert  gas. 

That  no  appreciable  decomposition  takes  place  upon  boiling  sodium 
oxalate  solution  was  shown  by  the  following  experiments: 

Fire  grams  of  the  salt  were  boiled  with  pure  water  in  a  stream  of  pure 
air,  which  was  passed  through  calcium  chloride  and  then  through  a  weighed 
[Soda  Kme  tube.  The  latter  was  reweighed  at  the  end  of  two  hours,  re- 
Ipbced,  and  the  solution  acidified  and  again  boiled  to  determine  whether 
a^  sodium  carbonate  was  formed  in  the  boiling  of  the  aqueous  solution, 
lite  amount  of  carbon  dioxide  evolved  on  direct  acidification  was  also 
determined.  The  apparatus  and  method  were  tested  with  known  small 
qoaatities  of  sodium  carbonate. 

loB  I.— Evolution  01^  Carbon  Dioxids  on    Bousing  Solutions  Containing 

Fivs  Grams  op  Sodium  Oxalate. 


^pcr. 

8*iBi>ie. 

SolntiMi. 

I 

A 

Acidified 

2a 

A 

Aqueous 

b 

A 

Aqueous 

c 

A 

Acidified 

3« 

B 

Addified 

6 

B 

AHdified 

4« 

B 

Aqueous 

b 

B 

Aqueous 

c 

B 

Acidified 

TImt. 
Iflautcs. 

+  120 

+  15 
15 
30 

15 
4  lao 

+  15 


Weight  of  COi. 

0.3 
0.0 

o.a 
0.2 

1-3 

1.4 
0.6 

03 
0.5 


Since  in  experiments  i  and  26  practically  the  same  amount  of  CO, 

evolved  on  15  minutes'  treatment  with  acid  as  upon  two  hours'  boiling 

ith  water,  we  may  conclude  that  no  appreciable  decomposition  takes 

in  two  hours'  boiling,   though    the   solutions   become   markedly 

The  evolution  of  0.6  mg.  CO,  in  4a  is  believed  to  be  due  to 

presence  of  NaHCO,  (or  occluded  CO,)  in  this  sample  (p.  127). 

(c)  Effect   of  Sodium    Oxalate   Solution    on   Glass,  —  Further    tests 

that   there   was   no   increase   in   alkalinity    upon   boiling    the 

lium  oxalate  solution  for  two  hours   in   a   platinum   dish    or  in  a 

|uartz  flask  in  a  current  of  pure  air  (cf.  Table  II,    i6,c,<i).     The   in- 

alkalinity  noted  by  SSrensen  must,  therefore,  have  been  due  to 

attack  of  the  glass  (Jena  glass)  employed  by  him.     Since  it  was  im- 

ticable  to  employ  entirely  quartz  flasks,  tests  were  carried  out  to 

line  the  relative  effect  of  sodium  oxalate  solutions  upon  different 

of  glass.    Flasks  of  several  kinds  of  glass  were  prepared  of  approxi- 

the  same  shape  and  size,  with  tubes  ground  in  for  the  inlet  and 

of  the  pure  air  (except  the  quartz  flask).     Two-gram  portions  of 

oxalate  were  boiled  with  125  cc.  pure  water  and  0.2  cc.  phenol- 

'  Compi.  rend.,  71,  226  (1870). 
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phthalein  solution  in  a  stream  of  pure  air.  At  the  end  of  the  test  they 
were  titrated  with  o.oi  N  oxalic  acid  till  the  solutions  were  colorless. 
The  results  were  as  follows : 

Tablb  II. — Effect  of  Sodium  Oxalate  Solutions  upon  Glass.    Incrsassd  Alka- 
linity IN  Terms  of  o.oi  N  Oxalic  Acm. 

Volume  of  0.01  N 
Sodium  Time.  HtCa04. 

Bxpt  Oless.  oxalate.  Min.  ce. 

la  Quartz  A  Z30  o.o 

b  Quartz  P  120  0.5^ 

c  Quartz  F  60  0.5 

d  Quartz  F  10  0.4 

2a  Durax  A  120  0.5 

h  Durax  A  lao  0.5 

e  Durax  F  120  0.7 

3a  JenaGerftte  A  120  4.9 

b  Jena  Cerate  A  120  4.6 

c  Jena  Gerftte  F  120  5.1 

4a  German  soft  A  120  6.8 

b  German  soft  A  120  6.7 

c  German  soft  F  120  6.5 

5a  Resistance  A  120  8.7 

b  Resistance  A  Z20  6.6 

c  Resistance  F  120  8.5 

6a  Jena  Verbund  F  120  4.1 

Prom  Table  II  it  is  evident  that  the  Durax  \  glass'  is  not  appreciably 
attacked  by  neutral  or  faintly  alkaline  sodium  oxalate  solutions  during 
two  hours'  boiling,  t.  e,,  much  longer  than  is  required  to  expel  any  CO, 
from  the  solution.  For  the  subsequent  experiments,  vessels  of  quartz, 
platinum,  or  Durax  glass  were,  therefore,  employed.  It  may  be  noted 
that  in  none  of  the  flasks  did  the  solution  acquire  more  than  a  very  faint 
pink  color  at  the  end  of  15  minutes,  though  the  Jena  Gerd.te  glass  was 
most  rapidly  attacked,  and  is  least  suited  for  this  purpose.  As  the  suc- 
cessive tests  of  each  glass  were  made  on  the  same  vessels  with  approximately 
equal  results  there  is  no  marked  evidence  of  * 'seasoning''  of  the 
glass  by  several  hours'  boUing. 

(d)  Presence  of  Sodium  Bicarbonate  in  Sodium  Oxalate. — S5rensen 
dismissed  the  question  of  the  existence  of  sodium  bicarbonate  by  stating 
that  it  could  not  possibly  be  present  in  material  dried  at  240®,  since  it 
decomposes  at  or  below  100°.  In  the  course  of  the  testing,  however, 
it  was  found   that  several  of  the  samples  when  dissolved  in  pure  water 

*  All  the  2 -hour  results  for  F  have  been  corrected  for  this  "original"  alkalinity. 

'  Durax  glass  made  by  Schott  &  Gen.  is  furnished  only  in  the  form  of  tubing, 
which  formerly  was  distinguished  by  a  longitudinal  blue  line,  which  has  recently  beoi 
changed  to  a  green  line.  Verbund  glass,  formerly  made  with  no  distinguishing  mark, 
now  has  a  blue  line.  This  information  was  secured  directly  from  the  maker,  and  is 
of  importance  in  view  of  the  confusion  of  terms  in  some  of  the  recent  catalogues  of 
glassware. 
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cantaioing  phenidphthalein  were  colorless,  or  nearly  so,  but  after  a  few 
minntes'  boiling  became  strongly  pink  and  remained  pink  on  cooling, 
indicatnig  the  presence  of  an  appreciable  excess  of  alkali,  which  would 
iiave  been  overlooked  if  tested  according  to  Sorensen.  Such  samples, 
i.  |.,  fi,  evolved  carbon  dioxide  upon  boiling  the  aqueous  solution,  and 
npoQ  boiling  with  acid  evolved  a  total  amount  of  carbon  dioxide  greater 
than  would  correspond  to  the  titrated  alkalinity,  if  calculated  as  Na^CO,. 
From  Table  III  it  may  be  seen  that  in  every  case  the  gravimetric  and 
Tobmetric  results  agreed  more  closely  if  calculated  to  NaHCOj  than  to 
hfO^  and  that  in  all  but  E»  the  carbon  dioxide  is  apparently  even  in 
ooess  of  that  calculated  for  NaHCO,. 

tuuin. — DSTBRJONATION  OP  EXCBSS  AlKALI  IN  SODIUM  OXALATB. 


SoApl*. 

Gray.  dctn.  of  COs. 
CalcoUitedM 

Vol.  detn.  of  alkali. 

Bzpt. 

NafCOa.             NftHCO». 

"-^ 

NaHCOt. 

I 

B 

0.065                0.051 

0.036 

0.057 

2 

c 

0.291                0.230 

0.107 

O.171 

3 

D 

0.308                0.244 

0.120 

0.192 

4 

E 

I. 31                   I  05 

0.70 

I.ZI 

It  is  evident,  therefore,  that  if  such  samples  were  tested  with  the  ob^ 
ject  of  making  corrections  for  accurate  work,  appreciable  errors  might 
arise  if  the  alkalinity  were  calculated  to  Na,CO,.  For  samples  contain- 
iqg  less  impurity  than  B,  the  dififerences  would  be  entirely  negligible. 

With  our  present  means  of  analysis,  it  is  impossible  to  state  whether 
such  "excess"  carbon  dioxide  (above  NajCOj)  is  present  as  NaHCO, 
or  in  some  occluded  form.  That  it  is  not  readily  given  off  at  240°  was 
shown  in  £,  which  lost  only  0.14%  in  two  hours' heating  at  240^,  though. 
it  contained  about  0.4%  of  such  excess  "carbonic  add."  When  we 
consider  that  as  usually  prepared  (by  neutralization  of  oxalic  acid  with 
sodium  carbonate)  the  salt  separates  from  a  solution  charged  with  carbon 
Anude;  it  is  not  impossible  that  the  latter  should  be  occluded  in  it,  in 
a  form  in  which  it  is  not  readily  expelled  at  high  temperatures,  just  as 
^ter  has  been  shown  to  exist  in  materials  heated  to  high  temperatures.^ 

(e)  Cohfimetric  Comparisons, — ^All  of  the  solutions  for  comparison 
were  prepared  in  300  cc.  flasks  of  Durax  glass  with  a  long,  narrow  neck 
to  facilitate  exclusion  of  carbon  dioxide.  Before  being  used,  these  were 
Mkd  for  two  hours  vdth  pure  water,  allowed  to  soak  in  water  for  36 
luurs,  and  were  filled  with  o.  i  M  sodium  oxalate  (or  solutions  of  approxi- 
mately the  same  alkalinity)  for  several  days  before  the  final  tests  were 


Dedmolar  solutions  of  sodium  oxalate  were  prepared  by  dissolving 
two  grams  of  the  salt  in  150  cc.  of  pure  water,  to  which  was  added  0.2 

I,  This  Journal,  33,  888  (191 1). 
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cc.  of  phenolphthalein.  The  solutions  were  boiled  for  ten  minutes  in  a 
stream  of  pure  air,  which  was  continued  during  their  cooling  to  room 
temperature.  The  flasks  were  then  closed  with  rubber  stoppers  and 
placed  in  a  thermostat  adjusted  to  the  desired  temperature  (±0.2®). 

Ammonium  Chloride  Hydroxide. — Solution  of  the  calculated  alkalinity 
([H+1250  =  2.7  X  10"*)  was  prepared  by  mixing  15.0  cc.  N  ammonium 
chloride,  28.8  cc.  o.i  iV  ammonium  hydroxide  and  0.2  cc.  phenolphthalein 
and  diluting  to  150  cc,  the  resultant  solution  being  decinormal  with  re- 
spect to  the  salt,  i.  e,,  ammonium  chloride.  In  the  determinations  of 
the  value  of  the  ionization  constant  for  phenolphthalein  given  above, 
Hildebrand^  and  Rosenstein'  employed  solutions  not  over  0.05  N, 
with  respect  to  ammonium  chloride,  m  order  to  reduce  the  neutral 
salt  eflFect.'  In  these  tests  it  was  hoped  that  by  making  all  the  solu- 
tions 0.1  N,  the  neutral  salt  effect  would  be  largely  eliminated.  (Frota 
the  standpoint  of  hydrolysis,  o.i  M  sodium  oxalate  may  be  considered 
as  0.1  N.) 

From  Sdrensen's  chart,  mixtures  of  7.06  cc.  of  o.i  N  NajB^OT  ^^d 
2.94  cc.  0.1  N  HCl,  or  of  9.34  cc.  glycocoll  solution  and  0.66  cc.  0.1  N 
NaOH,  produce  solutions  in  which  [H+jjg.  =  2.0  X  lo"*  (t.  e.,  lo"'-''). 
Mixtures  in  these  proportions  were  prepared  with  a  total  volume*of  150 
cc. 

Phenolphthalein  solutions  of  calculated  transformation  were  prepared* 
by  adding  an  accurately  measured  amount  (0.2  cc.)  of  phenolphthalein 
to  150  cc.  of  water  containing  10  cc.  of  0.1  N  sodium  hydroxide,  whereby 
the  indicator  was  completely  transformed  into  its  red  salt.  Measured 
portions  of  this  solution  were  then  diluted  to  150  cc.  to  produce  the 
standards  representing  the  desired  percentage  transformation.  In  each 
solution  for  comparison  or  titration,  it  is,  of  course,  necessary  to  have 
exactly  0.2  cc.  of  the  original  phenolphthalein  solution  iu  the  same  total 
volume. 

The  following  comparisons  were  made  by  direct  optical  matching  of 
the  solutions  in  the  Durax  flasks,  which  were  all  of  the  same  shape  and 
size.  Attempts  to  use  a  colorimeter  proved  unsatisfactory,  owing  to 
the  very  light  colors  of  the  solutions  and  to  very  rapid  fading  of  the  so- 
dium oxalate  and  acetate  solutions  upon  exposure  to  air  and  even  slight 
absorption  of  carbon  dioxide.  The  results  are  expressed  in  percentage 
transformation  of  phenolphthalein,  the  standards  for  which  did  not  vary 
appreciably  in  color  between  18°  and  25°. 

'  Z.  Elektrochetn.,  14,  351  (1908). 

*  Private  communication  from  W.  C.  Bray. 

*  Michaelis  and  Rona,  Z.  Elektrochem.,  14,  25J-3  (1908);  Biochem.  Z.,  23,  61-7 
(1909).  Bohdan  v.  Szyszkowski,  Z.  physik.  Chem.,  58,  420  (190^).  Sdrensen  and 
Palitzsch,  Biochem.  Z.,  24,  387  (19 10). 

*  Noyes,  Tms  Journai,,  32,  826. 
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Ezpt. 

Tabl 

Solution. 

8  IV.— COLOl 
or  ratio. 

I 
2 

3 

4 

5 
6 

8 
9 

Na,CO,  B, 
Na,CO,  B, 
Na^O^  B, 
Na,CO,  B, 
Na,C.O,  A, 
Na^CA  A, 
Na,C,0,  B, 
NaCJHjO, 
NaC,H,0, 

0.1  M 
o.iM 
0.1  M 
0.1  M 
0.1  M 
0.1  M 
0.2  M 
o.iN 
0.1  N 

10 

1 

iNH^OH 

1.0  5 

II 

jNH^a 
^NH.OH 

6.7 1 

I.O    ^ 

12 

jNa,BA 

7.06/ 

2-94) 

13 

jNa^A 

6.84? 
3.»6J 

14 

jGlycocoU 
}NaOU 

9.34^ 
0.66J 

»5 

jGlycocoll 
^NaOH 

9.53^ 
1.485 

Color. 
%  truufomuitimi  of  pbetiolphtlialcin. 


25*. 

I8». 

Calc. 

Obs. 

Calc. 

Obi. 

5-9 

3-5 

7.8 

4.0 

5-9 

3.5 

7.8 

3-5 

5.9 

4.0 

7.8 

4.0 

5-9 

40 

7.8 

4.0 

5-9 

4.0 

7.8 

4.0 

5-9 
7.8 

4.0 
6.0 

7.8 
10.3 

4.0 
6.0 

9.6 

3.0 

12.7 

3.5 

9.6 

3.0 

12.7 

3.5 

5-9 


6.5 


9.8 


7.8 


7.8 


6.8 


7.8 


5-9 


8.5 


5.0 


5.5 


4.0 


6.5 


4.0 


3-  Conclusions  from  the  Comparisons. — PVom  Table  IV,  the  following 
conclusions  may  be  reached : 

a.  The  color  produced  by  phenolphthalein  in  sodium  oxalate  solutions 
is  not  appreciably  affected  by  changes  in  temperature  between  18°  and  25®. 

h.  As  noted  by  Hildebrand*  the  colors  produced  in  given  mixtures 
d  ammonium  chloride  and  ammonium  hydroxide  are  markedly  affected 
by  ^g^t  temperature  changes,  making  such  solutions  unsuitable  for 
practical  comparison  standards. 

c.  The  colors  produced  in  sodium  acetate  solutions'  are  far  lighter  than 
those  calculated  from  the  constants  employed. 

d.  The  color  of  the  sodium  oxalate  solution  is  matched  closely  by  solu- 
tWQS  No.  13  and  No.  15,  in  which,  according  to  S6rensen's  chart,  jH+lu^ 
is  req)ectively  2.35  X  lo"'  (or  lo-*")  and  2.7  X  lo"*  (or  lo-'")-  On 
the  basis  of  Sdrensen's  e.  m.  f.  measurements,  [H"*']igo  for  o.i  M  Na^CjO^ 
oaytherefore  be  considered  as  equal  to  2.5  X  io"*(or  lo"'-');  and  [OH"]ig. 
asequal  to  2.4  X  lo"*  (or  lo"**').  In  other  words  the  salt  is  hydrolyzed 
at  18^  to  the  extent  of  0.0024%. 

^  Z.  EUktrochem,,  14,  351  (1908). 

'Sakssky,  Z.  Elektrochem.,  10,  204  (1904),  found  that  iV-NaCtH,0,  solution  was 
Itt  ksB  alkaline  toward  phenolphthalein  than  was  indicated  by  calculation. 
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e.  In  all  the  solutions  except  No.  lo,  the  colors  with  phenolphthalein 
are  markedly  less  than  those  calculated  from  the  ionization  constant 
1.7  X  IO-l^ 

4.  Discussion  of  Discrepancies, — Extended  discussion  of  the  causes 
of  the  discrepancies  between  the  various  calculated  and  observed  colors 
would  be  of  little  interest,  owing  to  the  tmcertainties  in  the  values  of  the 
constants  employed,  especially  that  of  phenolphthalein.^  The  value 
accepted  depends  practically  upon  the  ammonium  chloride-hydroxide 
mixtures,  used  by  Hildebrand  and  Rosenstein,  since  the  individual  values 
of  Wegscheider  are  far  from  concordant.  If  the  ionization  constant 
of  phenolphthalein  were  calculated  from  experiments  12  to  15,  on  the 
basis  of  Sorensen's  e.  m.  f.  measurements,  the  value  K  ==  i.i  X  lo"** 
would  be  obtained,  which  agrees  more  closely  with  McQ>y*s  value  of 
0.8  X  ID"*®.  Salm,*  however,  obtained  the  value  K  =  8.0  X  lo^^* 
by  measurements  with  the  hydrogen  electrode.  The  discrepancies  in 
the  present  work  are  in  accord  with  the  results  of  Hildebrand,  who  found 
unexplainable  irregularities  in  the  value  of  K  with  less  than  8%  trans- 
formation. These  discrepancies  may  be  due  to  the  fact  that  phenol- 
phthalein acts  as  a  dibasic  acid,  as  shown  by  Acree'  and  Wegscheider.* 

In  view  of  these  uncertainties  the  reaction  of  pure  sodium  oxalate  may 
best  be  defined  empirically  as  equal  to  4%  phenolphthalein  transfor- 
mation in  0.1  M  solution,  and  6%  in  0.2  M  solution,  standards  which  are 
readily  reproducible  and  are  free  from  any  assumptions  as  to  the  value 
of  the  constants. 

III.  Determination  of  Excess  Alkali  or  Acid  in  Sodium  Oxalate. 

7.  Error  Caused  by  Neglecting  Hydrolysis. — ^Having  shown  that  pure 
sodium  oxalate  (o.  i  M)  produces  a  pink  color  equivalent  to  4%  phenol- 
phthalein transformation,  accurate  results  in  testing  its  neutrality  will 
be  obtained  by  titrating  to  such  a  standard  color  rather  than  to  colorless. 
In  order  to  determin  the  magnitude  of  such  a  correction,  the  following 
tests  were  made.  Two  gram  samples  of  sodium  oxalate  dissolved  as  in 
the  previous  tests  were  titrated  with  0.0 1  N  oxalic  acid  or  0.0 1  N  NaOH 
(a)  to  the  standard  color  and  (6)  to  colorless.  The  difference  in  the  volume 
of  0.0 1  N  acid  or  alkali  required  was  always  0.3  cc,  equivalent  to  0.016% 
NajCOj,  0.025%  NaHCOg,  or  0.017%  NaHCjO^,  on  the  assumption  that 
in  the  cold  the  end  point  is  reached  when  NaHCO,  is  formed.  The  error 
involved  in  titrating  4  g.  in  the  same  volume  to  colorless  instead  of  the 
normal  color  for  0.2  M  solution  (6%  phenolphthalein)  is  0.6  cc,  t.  e.,  the 
percentage  error  is  about  the  same.     In  general,  therefore,  any  errors 

*  Noyes,  This  Journal,  32,  859  (1910). 
'  Z.  Elektrochem.,  10,  344  (1904). 

*  Am,  Chem.  /.,  39,  528  (1908). 

*  Z,  Elektrochem.,  18,  510  (1908). 
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through  titration  to  colorless  are  likely  to  be  negligible,  and  far  less 
than  those  caused  by  the  presence  of  excess  of  carbon  dioxide  in  the 
samples,  or  the  attack  of  the  glass  during  the  boiling  for  its  expulsion. 

2.  Calculation  of  Impurities  Present. — ^The  question  as  to  the  form  in 
which  the  excess  of  alkali  exists  in  a  given  sample  cannot  be  determined 
without  a  detailed  study  of  each  sample.  From  the  experience  with 
numerous  samples,  most  accurate  results  will  probably  be  obtained  by 
calculating  the  alkalinity  to  NaHCO,.  In  the  case  of  samples  contain- 
ing less  than  o.io%  alkali,  the  differences  will  be  negligible,  i.  e.,  not  over 
0.04%.  Samples  containing  much  more  than  0.10%  of  alkali  are  unsuit- 
able for  standardizing,  even  with  a  correction.  Excess  of  acidity  may 
be  calculated  as  NaHC^O^. 

In  the  above  calculations  we  have  assumed  that  i  cc.  0.0 1  N  acid' 
is  equivalent  to  0.00106  g.  NajCO,  or  0.00168  g.  NaHCO,,  while  i  cc. 
0.01  N  NaOH  is  equivalent,  to  0.00112  g.  NaHCjO^,  in  accordance  with 
the  following  equations: 

Upon  boiling  the  original  solution 

2NaHCO,  =  NajCOa  +  H,0  -f  CO,, 
and  upon  titration  in  the  cold 

2Na2C0,  +  H,CA  =  Na,C,0,  4-  aNaHCO,, 
while 

NaHCjO,  +  NaOH  =  Na,C,0,  -f  H^O. 

J.  Effect  of  Impurities  on^  Standardizing  Value. — ^The  errors  caused  in 
the  use  of  sodium  oxalate  by  a  given  amount  of  such  impurities  are  as 
follows:  When  the  sodium  oxalate  is  used  as  an  acidimetric  standard, 
NajCO,  causes  a  positive  error  to  the  extent  of  21%  of  its  amount, 
♦.  e,,  the  material  is  apparently  stronger  than  100%.  NaHCO,  causes 
a  negative  error  of  25%  of  its  amount,  while  NaHCjO^  produces  a  negative 
error  of  67%  of  its  amount;  that  is,  the  same  quantity  of  alkali  is  present 
(after  ignition)  in  134  parts  NajC^O^,  106  parts  Na^COj:  168  parts  of 
NaHCO,,  or  224  parts  of  NaHCjO^.  If  sodium  oxalate  is  to  be  used  as 
an  oxidimetric  standard,  either  Na,CO,  or  NaHCO,  is  an  inert  im- 
purity, i,  e,,  its  effect  is  proportional  to  its  amount.  NaHCjO^ 
causes  a  positive  error  of  16%  of  its  amount,  since  112  parts  of  NaHC204 
have  the  same  reducing  power  as  134  parts  of  NajCjO^.  The  same 
relations  may  be  expressed  as  follows :  In  order  to  have  an  error  in  titra- 
tion of  not  over  0-10%,  the  following  amounts  of  impurities  may  be 
present:  in  alkalimetry,  0.48%  Na^COs,  040%  NaHCOj,  or  0.15% 
NaHCjO^;  in  oxidimetry  0.10%  Na^CO,  or  NaHCOa,  or  0.63%  NaHCjO^. 
For  use  as  a  general  standard,  however,  the  lowest  of  each  of  these  values 
is  the  maximum  permissible  for  the  given  degree  of  accuracy. 

^  It  is  hmnaterial  whether  oxalic  add  or  some  stronger  add  be  employed,  since 
the  tatter,  in  small  amount,  would  immediately  liberate  its  equivalent  of  oxalic  add. 
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IV.  Summary.. 

1 .  The  solution  of  pure  sodium  oxalate  is  alkaline. 

2.  Decimolar  sodium  oxalate  solution  produces  a  color  with  phenol- 
phthalein  equivalent  to  4%  transformation  of  the  indicator,  and  fifth 
molar  a  color  equal  to  6%  transformation.  The  most  probable  value  of 
[H]j3o  for  such  solutions  is  2.5  X  lo"'  and  2.0  X  io~*,  respectively. 

3.  The  use  of  calculated  standards  of  (a)  phenolphthalein,  (h)  am- 
monium chloride  and  hydroxide,  (c)  sodium  acetate,  (d)  borax  and  hy- 
drochloric acid,  or  (e)  glycocoU  and  sodium  hydroxide,  for  determining 
the  normal  alkalinity  of  sodium  oxalate  is  inaccurate,  due  either  to  un- 
certainty in  the  values  of  the  constants,  to  undetermined  influences  of  the 
salts,  or  the  abnormal  ionization  and  hydrolysis  phenomena. 

4.  The  value  of  the  ionization  constant  K  for  phenolphthalein  is  prob- 
ably less  than  1.7  X  lo"^®  for  solutions  in  which  it  is  transformed  to  the 
extent  of  less  than  8%,  1.  e.,  the  only  solutions  adapted  to  direct  optical 
comparison. 

5.  Sodium  oxalate  solution  does  not  decompose  appreciably  on  boil- 
ing. 

6.  Sodium  oxalate  solutions  readily  attack  glass,  "Durax''  glass  being 
the  least  affected  of  the  kinds  tested. 

7.  Commercial  samples  of  sodium  oxalate,  dried  at  240^,  may  contain 
NaHCOj  or  even  occluded  CO,. 

8.  The  following  method  for  testing  the  neutrality  of  sodium  oxalate 
is  recommended  to  replace  that  given  by  Sorensen.  Evaporate  200  cc. 
of  water  in  a  quartz  or  Durax  glass  flask  to  150  cc.  in  a  current  of  pure 
air,  free  from  carbon  dioxide.  Add  exactly  0.2  cc.  phenolphthalein  solu- 
tion (1%  solution  in  alcohol),  and  4  g.  of  sodium  oxalate.  Continue 
to  boil  for  ten  minutes,  then  cool  to  room  temperature  while  maintaining 
the  air  current.  If  prn-e,  the  solution  should  have  a  pink  color  equivalent 
to  6%  phenolphthalein  transformation.  (Such  a  standard  may  be  pre- 
pared by  adding  0.2  cc.  phenolphthalein  to  150  cc.  of  water  containing 
10  cc.  of  0.1  N  sodium  hydroxide,  and  diluting  9  cc.  of  this  solution  to 
150  cc.)  Each  cc.  of  N/ 100  acid  or  alkali  required  to  titrate  to  the  standard 
color  indicates  the  presence  respectively  of  approximately  0.04%  NaHCO, 
or  0.03%  NaHC204.  One  or  two  water  recrystallizations  in  platinum 
will  usually  be  sufficient  for  the  preparation  of  the  pure  salt  from  materials 
containing*  a  moderate  excess  of  alkali  or  acid. 

The  author  desires  to  express  his  thanks  for  the  information  furnished 
by  J.  H.  Hildebrand,  J.  Johnston,  W.  C.  Bray  and  W.  F.  Hillebrand  during 
the  coiurse  of  this  investigation. 

BnXKAU  OF  Stamdarob, 
Washington.  D.  C. 
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FDRTHBR  STUDY  OF  THB  ATOMIC  WBIOHT  OF  MERCURY, 
THROUGH  THE  ANALYSIS  OF  MERCURIC  BROMIDE. 

By  C.  W.  Baslsy  and  B.  P.  Bhanm. 
Received  December  6.  1911. 

Two  previous  contributions^  relative  to  the  atomic  weight  of  mercury 
described  work  which  resulted,  within  narrow  limits,  in  the  same  value 
of  this  constant.  The  methods  employed,  entirely  different  in  char- 
acter, dealt  with  the  same  material,  mercuric  chloride.  While  such  a 
procedure  probably  indicated  that  the  error  of  method  was  sufficiently 
small  to  be  negligible,  doubt  pertaining  to  the  nature  of  the  material 
analyzed  was  not  removed.  It  remained,  then,  to  prepare  material  of  a 
different  character  and  it  was  decided  to  attempt  a  redetermination  of  the 
atomic  weight  from  a  study  of  the  bromide  since  there  seemed  to  be  no 
reason  why  this  compound  should  not  be  prepared  in  a  pure  state.  It 
would  be  ideal  to  attack  the  question  through  the  use  of  the  oxide  but, 
from  preliminary  experiments,  the  preparation  of  this  compound  seems 
exceedingly  doubtful. 

The  problem  with  the  bromide  presented  many  points  of  similarity  to 
that  of  the  chloride.  Owing  to  the  solubility  of  silver  bromide  in  mercury 
salts,  instead  of  treating  a  solution  of  mercuric  bromide  directly  with 
silver  nitrate,  the  mercury  was  first  removed.  This  was  accomplished 
in  two  ways,  each  leading  to  practically  the  same  results :  first,  by  means 
of  hydrazine  hydrate  in  weak  alkaline  solution  and,  second,  with  hydrogen 
peroxide  tmder  similar  conditions.  Like  results  from  tlie  use  of  the  two 
reducing  agents  would  seem  to  preclude  the  possibility  of  any  considerable 
error  arising  from  the  use  of  either.  The  mean  value  of  the  atomic  weight 
found  does  not  differ  essentially  from  the  results  reported  in  previous 
communications . 

Pure  Mercuric  Bromide. 

It  is  well  known  that  bromine  may  be  readily  made  very  pure  by  the 
methods  of  Stas'  and  the  modifications  proposed  by  others'  and,  in  a 
previous  paper,*  several  methods  for  the  preparation  of  pure  mercury 
were  described.  Thus,  since  the  elements  unite  easily,  it  is  possible  to 
prepare  the  bromide  of  mercury  without  the  intermediate  use  of  water. 
This  is  probably  important  as  it  was  shown  in  the  preparation  of  the 
chloride  that  that  salt  could  not  have  had  contact  with  water  without  the 
production  of  basic  material  during  the  subsequent  process  of  sublima- 
tion. There  was  no  reason  to  expect  a  different  result  with  the  bromide 
so  that  recrystallization  of  the  salt  was  not  resorted  to,  especially  when 

*  Easley,  This  Journal,  31,  1307  (1909)  and  33,  11 17  (1910). 

*  Oeuvres  Computes,  i,  587. 

■  Richards,  Proc,  Amer,  Acad.,  35,  199.     Scott,  /.  Chem.  .Soc.,  77,  649.     Baxter, 
This  Journal,  a8,  1323  (1906). 

*  Hasley,  Tms  Jousnal,  31,  iai6  (1909)* 
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the  alternative  and  preferable  procedure  of  bringing  pure  bromine  and 
pure  mercury  together  in  an  indifferent  medium  of  nitrogen  at  the  tem- 
perature of  sublimation  was  practicable.  The  bromide  thus  prepared 
is  probably  free  from  the  bromides  of  other  metals  for  the  process  was 
carried  out  at  a  temperature  in  the  neighborhood  of  300**,  conditions 
under  which  other  compounds,  most  likely  to  be  present,  would  not  be 
perceptibly  volatil. 

In  detail,  the  process  consisted  in  passing  a  stream  of  nitrogen  through 
liquid  bromine,  thus  sweeping  the  vapor  into  a  chamber  containing  mer- 
cury maintained  at  a  temperature  of  300°.  The  apparatus  is  shown  in 
Kig.  I.  The  nitrogen  was  sent  through  a  purifying  and  drying  train 
constructed  of  glass  alone  and  the  exit  tubes  were  so  arranged  by  means 
of  branches  and  glass  stopcocks  that  the  gas  could  either  first  bubble 
through  the  bromine  in  a  wash  battle  or  pass  directly  into  the  reaction 
chamber   C  as   shown   in   Fig.    i.      Solutions  of  potassium  hydroxide, 


Fig.  I. 

some  containing  lead  oxide  in  solution,  were  used  for  purifying  the  nitrogen 
while  the  gas  was  dried  by  means  of  sulfuric  acid  in  towers  filled  with  glass 
beads.  Phosphorus  pentoxide,  resublimed  in  a  stream  of  dry  air,  by 
contact  served  to  dry  the  liquid  bromine.  After  pure  mercury  had  been 
introduced  through  the  tubulature  T  by  means  of  a  funnel  reaching  to 
the  bottom  of  the  chamber  C,  the  air  in  the  apparatus  was  displaced  by 
nitrogen  and  this  in  turn  by  a  mixture  of  nitrogen  and  bromine.  The 
bulb  was  then  heated  to  a  temperature  around  300°.  The  fact  that  the 
metal  was  covered  with  transparent,  colorless,  fused  bromide  showed 
that  a  sufficient  excess  of  bromine  was  present.  When  the  mercury  was 
entirely  converted  and  carried  into  the  receiver  R  in  the  adjacent  com- 
partment, the  latter  was  raised  to  a  temperature  of  235®,  a  point  where 
the  salt  began  to  show  a  considerable  vapor  pressure.  During  the  latter 
operation,  nitrogen,  without  bromine,  was  passing  through  the  apparatus, 
completely  sweeping  out  the  excess  of  bromine  and  liberating,  probably, 
any  that  might  possibly  have  adhered  to  the  salt  at  the  lower  temperature. 
Air  ovens,  entirely  separate  from  each  other,  were  used  for  heating  the 
compartments  and  these  were  constructed  of  asbestos,  with  glass  windows. 
The  temperature  was  regulated  by  means  of  biuners  below  the  ovens. 
After  cooling  in  the  same  atmosphere,  dry  air  was  admitted  and  the  salt 
was  transferred  by  holding  the  receiving  funnel  R  over  the  mouth  of  the 
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weighing  bottle  and  pushing  the  crystals  into  the  latter  with  a  well- 
rotmded  glass  rod.  At  times,  the  end  of  the  receiver  nearest  the  chamber 
C  was  heated  to  such  an  extent  by  conduction  that  a  portion  of  the  crys- 
tals fused  and  adhered  somewhat  to  the  glass.  No  attempt  was  made  to 
dislodge  such  material  so  that  the  collected  salt  must  have  been  entirely 
free  from  silica  and  other  matter  originating  in  the  glass.  The  transfer 
of  the  salt  to  the  weighing  bottle  was  made  in  air,  for  it  was  shown  that 
exposure  to  the  air  of  the  laboratory  did  not  sensibly  affect  its  weight. 
In  proof,  a  light  tube,  sufficiently  small  to  rest  on  the  balance  pan,  was 
sealed  at  one  end  to  another  tube  of  smaller  bore  through  which  either 
dry  air  or  bromine  vapor  could  be  admitted.  The  other  end  was  fitted 
with  a  hollow  stopper  which  could  be  closed  by  means  of  a  stopcock.  A 
quantity  of  mercury  was  converted  into  the  bromide  within  this  tube 
and  as  a  stream  of  dry  air  was  passing,  it  was  effectually  sealed,  at  one 
end  by  means  of  the  flame  and  at  the  other  by  turning  the  stopcock. 
When  counterpoised  by  a  similar  tube  on  the  balance  pan,  the  stopper 
was  removed  and  for  the  first  time  the  salt  was  exposed  to  the  air  of  the 
laboratory. 

The  salt  collected  in  the  receiver  in  beautiful  needle-like  masses.  The 
fact  that  bromine  was  present  in  excess  during  the  preparation  and  that 
the  bromine,  mercury,  nitrogen  and  air  were  free  from  water  would  pre- 
clude the  formation  of  either  calomel  or  basic  salts.  The  complete  solu- 
bility of  the  salt  prepared  by  this  method,  in  fact,  shows  no  impurities 
of  this  character. 

Preparation  of  Bromine. 

Three  samples  of  bromine  were  prepared,  two  being  made  by  well- 
tried  methods  in  which  a  solution  of  calcium  bromide  was  depended  upon 
to  react  with  chlorine  and  fractional  distillation,  after  transformation 
to  hydrobromic  acid,  to  remove  the  iodine.  The  bulk  of  the  mercuric 
bromide  was  made  with  such  bromine,  but  it  was  decided  to  use  more 
exhaustive  means  in  the  purification  of  a  third  sample  so  that  its  value 
could  not  be  doubted.  The  methods  adopted  were  so  laborious  that 
only  a  small  amount  of  this  sample  was  obtained.  The  analyses  showed 
that  the  mean  atomic  weight  does  not  differ  from  the  mean  of  any  series 
in  which  a  particular  sample  of  bromine  was  used,  by  more  than  one  part 
in  ten  thousand. 

Sample  i. — Commercial  bromine  was  dissolved  in  a  solution  of  calcium 
bromide  which  was  prepared  from  marble  and  hydrobromic  acid.  The 
marble  had  not  been  exposed  to  the  fumes  of  the  laboratory  while  the 
add  had  been  prepared  from  the  original  bromine  by  reduction.  The 
bromine  was  distilled  by  placing  the  solution  in  a  glass-stoppered  flask 
whose  side  arm  was  sealed  to  the  condensing  system.  All  save  the  first 
fraction  of  this  bromine  was  covered  with  sufficient  water  to  form  the 
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constant  boiling  mixture  of  hydrobromic  acid  corresponding  to  the  amount 
of  bromine  used.  Hydrogen  sulfide,  from  ferrous  sulfide  and  dilute 
sulfuric  acid,  was  next  passed  until  nearly  the  whole  of  the  bromine  was 
converted  into  hydrobromic  acid.  Hydrochloric  acid  was  removed  from 
the  gas  by  a  train  of  wash  bottles,  the  first  of  the  series  being  filled  with 
alkaline  sulfides  and  the  final  ones  with  pure  water.  When  the  sulfur 
had  been  separated  by  filtration  through  glass  wooU  the  acid  was  dis- 
tilled, the  free  bromine  and  iodine  passing  over  in  the  first  fraction. 

At  this  stage,  the  piuity  of  the  bromine  was  investigated.  Accord- 
ingly, a  weighed  amount  of  silver  was  converted  into  silver  bromide  by 
using  some  of  the  hydrobromic  acid  prepared  above  after  it  had  been 
treated  with  a  slight  excess  of  ammonia.  The  silver  was  prepared  following 
the  ammonium  formate  method  of  Stas,  with  subsequent  fusion  on  lime. 
Using  all  precautions,  three  determinations  were  made  in  which  18.32765 
grams  of  silver  formed  31.89761  grams  of  silver  bromide.  This  results 
in  a  ratio  of  57.457  whereas  the  theoretical  one  is  57.445.  An  excess  of 
chlorine  in  the  bromine  is  thus  indicated.  During  the  next  process, 
however,  in  converting  the  add  to  bromine,  any  free  chlorine  w;ould  be  in 
contact  with  a  solution  of  potassitmi  and  manganese  bromides  and  must 
have  been  eflfectually  removed. 

The  oxidation  of  the  add  to  bromine  was  accomplished  with  potassium 
permanganate.  Kahlbaum's  highest  grade  was  found  to  contain  such 
small  amounts  of  chlorine  that  several  recrystallizations  removed  all 
save  the  merest  traces.  In  fact,  tests  on  the  mother  liquor  of  the  last 
crystallization  showed  a  maximum  of  one  part  of  chlorine  in  forty  thou- 
sand parts  of  salt.  The  hydrobromic  acid  dropped  from  a  separatory 
ftmnel  upon  the  permanganate  in  a  fiask  whose  connections  with  the 
condensing  system  and  funnel  were  all  of  glass.  The  contents  of  the 
flask  were  kept  at  a  temperatiure  such  as  would  liberate  the  bromine. 
A  first  small  fraction  was  discarded.  The  remainder  was  freed  as  much 
as  possible  from  water  by  means  of  a  separatory  funnd  after  which  it 
was  preserved  in  a  bottle  with  phosphorus  pentoxide,  the  preparation 
of  which  has  been  described  before. 

Sample  2. — ^This  sample  was  prepared  in  the  same  manner  as  Sample  i 
save  for  the  fact  that  sulfur  dioxide  instead  of  hydrogen  sulfide  was  used 
as  the  reducing  agent.  The  gas  was  furnished  from  a  cylinder  containing 
the  liquid  and  was  allowed  to  run  through  several  wash  bottles  con- 
taining sodium  add  sulfite  and  then  through  pure  water.  This  method 
obviates  the  contamination  of  the  hydrobromic  add  with  precipitated 
sulfur,  a  source  of  considerable  difficulty  combined  with  loss  of  material 
whenever  the  hydrogen  sulfide  method  was  used. 

(  Sample  3, — A  quantity  of  Kahlbaum's  best  bromine  was  allowed  to 
remain  in  contact  with  a  solution  of  the  potassitmi  and  manganese  bro- 
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mides  which  were  saved  in  the  process  of  oxidizing  the  hydrobromic 
add  of  Samples  i  and  2.  The  mixture  was  frequently  shaken  and  finally 
distilled.  Reduction  to  hydrobromic  acid  was  carried  out  as  in  Sample 
2  but  only  the  middle  fraction  of  the  distillate  was  retained.  To  a  very 
dilute  solution  of  this  add,  pure  silver  nitrate  was  added  and  the  pre- 
cipitate was  washed  many  times,  first  with  cold  and  then  with  hot  water. 
Mercuric  nitrate,  prepared  from  mercury  and  halogen-free  nitric  acid, 
was  added  and  allowed  to  remain  in  contact  with  the  precipitate  for  48 
hours.  A  strong  solvent  action  is  thus  exerted  upon  the  silver  halides^ 
and,  as  the  solution  of  the  nitrate  was  about  normal,  amounts  of  chlorine 
and  iodine  which  analysis  revealed  in  Sample  i  would  have  been  removed 
when  the  residue  was  washed  free  from  the  mercuric  nitrate.  The  silver 
bromide  was  next  suspended  in  water  and  converted  to  hydrobromic 
add  by  well-washed  hydrogen  sulfide.  A  reserve  supply  of  the  silver 
bromide  used  up  the  excess  of  hydrogen  sulfide.  When  the  sulfide  had 
been  separated  from  the  acid,  the  latter  was  distilled  and  oxidized  to 
bromine  precisely  as  in  the  case  of  the  other  samples. 

Preparation  of  Mercury. 

Sample  i. — ^This  consisted  of  a  small  amount  of  merctuy  remaining 
from  previous  work.'    Its  preparation  has  been  described. 

Sample  2. — ^The  starting  point  was  the  same  mercuric  chloride  whose 
analysis,'  after  sublimation,  has  already  been  reported.  It  was  ex- 
ceedingly pure.  After  sublimation  in  a  stream  of  pure,  dry  air,  the  salt 
was  dissolved  in  water  and  treated  directly  with  an  ammoniacal  solution 
of  hydrogen  peroxide.  The  resultant  globule  was  given  the  same  treat- 
ment as  the  one  to  be  described  under  Sample  3. 

Sample  j. — ^The  same  material  used  in  Sample  2  served  as  the  basis 
of  this  sample.  The  salt  was  resublimed,  dissolved  in  a  large  amount 
of  water  and  treated  with  sulfur  dioxide,  thoroughly  washed.  The  pre- 
cipitated calomel  was  washed  many  times  with  pure  water  and  finally 
subjected  to  the  action  of  ammonia.  After  washing  out  the  excess  of 
ammonia,  a  necessary  process  to  prevent  the  formation  of  large  amounts 
of  soluble  compounds'  from  which  mercury  could  not  be  separated  by 
the  method  used,  sulfur  dioxide  was  again  added.  During  the  latter 
process,  the  mass  was  maintained  at  a  temperature  of  approximately 
100**.  Metallic  mercury  separated  in  globular  form.  The  globule  was 
washed  with  water  and  then  shaken  with  a  dilute  ammoniacal  solution 
of  hydrogen  peroxide  to  remove  all  suspicion  of  reducible,  surface  im- 
purities.   The  metal  was  dried  by  quickly  heating  to  the  boiling  point. 

'  Morse,  Z.  physik.  Chetn.,  38,  705. 

*  This  Journal,  31,  12 17  (1909).    See  sample  3. 
'  /W.,  33,  1 125  (1910). 

*  P.  de  Saint-Gilks,  Annalen  der  Chemie,  S4,  266. 
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Traces  of  foreign  material,  of  the  nature  of  finely-divided  silica,  were 
separated  by  filtering  the  metal  through  a  small  funnel,  the  drawn-out 
stem  of  which  was  filled  with  fine  glass  threads.  In  spite  of  these  pre- 
cautions, after  the  metal  had  been  converted  to  the  bromide  in  the  ap- 
paratus shown  in  Fig.  i  and  the  bromide  had  been  distilled,  there  some- 
times remained  a  slight  residue.  As  no  less  than  15  grams  of  mercury 
was  ever  used  and  as  the  residue  seemed  unweighable,  no  error  could 
have  crept  into  the  results  from  this  source.  No  matter  how  long  the 
residue  was  heated,  no  volatilization  was  apparent.  In  several  cases  the 
residue  was  certainly  silica.  At  another  time,  black  material  remained. 
This  may  have  been  a  basic  salt  of  mercury  with  an  inappreciable  vapor 
pressure  at  the  temperature  used.  How  it  might  have  formed  is  not 
dear. 

Reagents. 

Hydrazine  Hydrate. — ^Hydrazine  sulfate  was  treated  with  an  excess  of 
sodium  hydroxide  and  the  liberated  hydrate  was  separated  by  distilla- 
tion in  a  copper  retort.  The  product  was  subjected  to  a  second  dis- 
tillation in  a  system  made  entirely  of  glass.  A  product  almost  entirely 
free  from  chlorine  resulted.  When  treated  with  silver  nitrate,  0.00003 
gram  of  silver  chloride  was  found  in  every  gram  of  the  hydrate. 

Hydrogen  Peroxide. — Merck's  30%  solution  of  hydrogen  peroxide  was 
redistilled  and  diluted  to  an  approximately  3%  solution.  In  every 
100  cc.  used,  an  amount  of  chlorine  corresponding  to  0.00007  gram  of 
silver  chloride  was  foimd  and  duly  corrected  for. 

Sodium  Hydroxide. — ^Very  pure  soditun  was  converted  into  the  hy- 
droxide by  standing  on  platinum  gauze  over  a  platinum  dish  in  a  water- 
laden  atmosphere  free  from  carbon  dioxide.  The  required  quantity  of 
hydroxide  for  one  determination  was  prepared  at  a  time  and  a  portion 
of  this  material  was  always  examined  for  chlorine.  When  treated,  in  the 
nephelometer*  with  silver  nitrate,  the  dififerent  samples  showed  varying 
amotmts  of  silver  chloride  but  in  no  case  was  an  amount  present  ex- 
ceeding o.oooi  gram  per  5  grams  of  sodium  hydroxide. 

Other  reagents:  The  water,  nitric  acid  and  ammonia  were  all  redis- 
tilled, the  first  twice  from  permanganate  solution.  All  were  chlorine- 
free.  Silver  nitrate  was  made  from  the  metal  and  acid  and  the  solution 
was  evaporated  to  dryness.  The  metallic  silver  was  prepared  by  the 
action  of  ammonium  formate  on  silver  nitrate. 

The  Method  of  Analysis. 

The  plan  pursued  consisted  in  treating  a  weighed  amount  of  mercuric 

bromide  in  solution  with  sodium  hydroxide,  adding  such  an  amount  of  a 

reducing  agent  as  would  precipitate  the  mercury,  leaving  the  bromine 

in  the  form  of  bromide  ions.    The  mercury  being  filtered  off  and  the  solu- 

^  Richards  and  Wells,  Am.  Chem.  J.,  31,  235  (1904). 
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tion  being  rendered  alkaline,  silver  nitrate  was  used  to  fomi  silver  bromide 
which  was  weighed.  The  value  of  the  ratio  HgBr,  :  2AgBr  is  thus  deter- 
mined. 

In  order  to  keep  the  amount  of  solution  at  a  minimum,  the  bromide 
was  not  entirely  dissolved  in  water  when  the  calculated  amount,  plus 
0.25  or  0.30  gram,  of  sodium  hydroxide  was  added.  The  object  was 
not  to  unduly  dilute  the  reducing  agents  in  which  case  more  mercury 
might  remain  in  solution  and  also  to  avoid  the  filtration  of  large  quan- 
tities of  solution.  This  practice,  on  the  other  hand,  lengthened  the  time 
required  for  the  completion  of  the  reaction  since  the  undissolved  crystals 
of  bromide  could  give  rise  to  an  amotmt  of  oxide  only  proportional  to 
their  surface.  With  hydrazine  hydrate,  the  reduction  proceeded  with 
idative  rapidity  at  room  temperature  but  in  the  case  of  hydrogen  per- 
oxide, a  temperature  of  70^  was  required  to  have  the  reaction  progress 
at  a  moderate  rate.  The  oxide,  successively  formed,  remained  €is  a  crust 
on  the  crystals  until  reacted  upon  by  the  reducing  agent.  Hydrazine 
hydrate  was  employed  in  some  of  the  preliminary  work  on  the  analysis 
of  mercuric  chloride  but  no  actual  analyses  were  made.  It  has  proven 
a  most  effective  reagent  in  the  case  of  the  bromide,  the  mercury  forming 
with  perhaps  less  unglobulized  material  than  in  the  case  of  hydrogen 
peroxide.  This,  perhaps,  is  explained  by  the  fact  that  the  reaction  is 
completed  more  quickly  and  therefore  less  silica  is  formed  by  the  action 
of  the  slightly  alkaline  solution.  Again,  the  temperature  was  lower. 
The  rate  of  the  reaction  was  so  regulated  that  the  nitrogen  was  expelled 
quietly  carrying  no  spray  beyond  the  catch  system.  A  very  small  amount 
of  mercury  must  have  remained  in  solution  as  invariably  silver  bromide 
was  detected  after  an  excess  of  silver  nitrate  had  been  added.  The 
determination  of  this  dissolved  material  will  be  described  later.  The 
amotmt  of  silver  bromide  in  this  condition  never  exceeded  o.ooi  gram 
per  liter  of  solution.  When  the  reduction  was  complete,  the  contents 
of  the  flask  were  brought  to  the  boiling  point  in  order  to  decompose  the 
greater  portion  of  the  peroxide.  This  was  done  even  in  the  experiments 
where  hydrazine  hydrate  was  used,  for  the  excess  of  the  latter  was  de- 
stroyed by  the  addition  of  hydr6gen  peroxide. 

The  flask,  with  the  system  for  introducing  the  reagents  and  the  tube 
for  the  escape  of  the  liberated  gases,  is  shown  in  Fig.  2.  It  is  of  the 
Erlenmeyer  form,  holds  500  cc.  and  is  made  of  Bohemian  glass.  The 
tube  passing  through  the  grotmd-glass  stopper  is  branched  above. 
Through  one  branch  the  reagents  are  added  and  the  amount  added  at 
any  time  is  gauged  by  means  of  the  stopcock;  through  the  other,  the 
liberated  gases  pass.  In  the  latter  arm,  the  tubing  is  bent  so  as  to  form 
a  trap,  T,  beyond  which  it  is  widened  and  filled  with  beads  kept  wet  with 
pure  water.     As  the  trap  is  always  full  of  water,  a  most  effective  means  of 
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preventing  loss  through  spray  is  at  hand.  Any  material  collectixig  on  the 
inner  walls  of  the  branches  found  its  way  into  the  flask  during  the  rinsing 
process  at  the  completion  of  the  reduction.     It  was  found  very  difficult 

in  the  work  on  the  chloride  to  entirely  separate 
the  mercury  from  the  solution.  The  extremely 
fine  particles  refused  to  be  globulized  and  some 
of  these  particles  either  passed  through  the  filter 
paper  of  the  most  compact  texture  or  crept  over 
its  side.  The  present  work  was  not  unlike  the 
previous  case  in  this  respect.  Better  results  were 
obtained  by  decreasing  the  rate  of  filtration  by 
placing  a  globule  of  mercury  in  the  apex  of  the 
filter.  The  diflftculty  was  not  entirely  overcome, 
however,  so  that  more  than  one  filtration  was 
often  necessary.  In  spite  of  the  character  of  the 
paper  used,  some  shreds  were  loosened  and  passed 
into  the  filtrate,  owing  perhaps  to  the  hot,  slightly 
alkaline  solution.  The  amount  was  very  sm^  but 
it  was  found  later  in  the  fused  silver  bromide  as  a 
small  patch  of  surface  scum.  It  was  impossible 
to  determin  its  amount  accurately,  but  there  is 
little  doubt  but  that  the  correction  would  be  ex- 
ceedingly small.  All  danger  of  losing  any  of  the 
solution  by  leakage  from  the  lip  of  the  flask  during 
filtration  was  avoided  by  the  use  of  a  protecting 
cup  around  the  neck  of  the  flask  as  shown  in  the 
figure  at  C.  The  cup  was  thoroughly  rinsed  after 
all  traces  of  solution  had  been  removed  from  the 
flask  itself.  It  is  safe  to  say  that  there  was  no  appreciable  loss  of  material 
due  to  the  process  of  filtration.  Many  rinsings  were  made,  no  danger  of 
adding  too  much  water  being  feared  since  there  is  less  danger  of  including 
material  in  the  precipitated  silver  bromide  if  the  solution  is  dilute.  The 
solution  was  filtered  directly  into  a  flask  of  Jena  glass  and  was  acidified 
with  an  amount  of  nitric  acid  slightly  in  excess  of  that  found  necessary 
from  the  known  excess  of  soditun  hydroxide  used  at  the  outset.  A 
slight  excess  over  the  theoretical  quantity  of  silver  nitrate  was  added 
to  precipitate  the  bromine.  Both  the  broiftide  and  silver  solutions  were 
approximately  tenth-normal.  After  standing  over  night  in  the  glass- 
stoppered  flask,  the  solution  could  be  easily  separated  from  the  precipi- 
tate by  the  use  of  the  Neubauer  crucible.  Only  a  small  portion  of  the 
silver  bromide  found  its  way  into  the  crucible  during  the  filtering  pro- 
cess, the  greater  portion  remaining  in  the  flask  so  that  the  washing  might 
be  more  effective.     The  first  stage  of  the  latter  process  consisted  in  making 
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dgfat  or  ten  additions  of  water  containing  a  slight  amotmt  of  silver  nitrate 
and  nitric  acid,  decanting  each  in  turn.  About  the  same  number  of 
washings  were  then  made  with  water  containing  nitric  acid  alone.  The 
latter  washings  contained  dissolved  silver  bromide.  The  amount  was  deter- 
mined in  the  nephelometer  and  found  to  average  0.0002  gram  per  liter. 
When  the  precipitate  had  been  completely  transferred  the  crucible  with 
its  contents  was  dried  in  an  air  oven^  protected  from  outside  fumes,  at  a 
temperature  ranging  from  150-160®,  after  which  it  was  weighed.  The 
greater  portion  of  the  precipitate  being  transferred  to  a  weighed  porcelain 
cradble  and  fused,  the  expelled  water  was  determined  by  another  weigh- 
ing. The  fused  mass  was  transparent,  save  for  a  small  patch  due  to 
filter  shreds  referred  to  before,  and  greenish  yellow  in  color.  No  diflfer- 
ace  appeared  in  the  results  whether  a  fused  sample  contained  the  above- 
mentioned  impurity  or  not  so  that  the  error  from  this  source  is  too  small 
to  be  feared.  Since  tests  on  the  contaminated  portions  for  silver  were 
negative,  it  is  doubtful  if  any  chemical  change  had  resulted.  More 
likely,  the  shreds  merely  entangled  and  kept  separate  small  portions  of 
silver  bromide. 

A  correction,  of  small  though  positive  value,  became  necessary  through 
the  observation  that  bromine  was  present  in  the  filtrate,  after  the  separa- 
tion of  the  silver  bromide,  even  after  an  excess  of  silver  nitrate  was  added. 
This  never  amounted  to  more  than  0.00 1  gram  of  silver  bromide  per 
liter,  generally  considerably  less,  but  a  measurable  quantity  was  in- 
variably present.  In  most  cases,  the  atomic  weight  would  hardly  be 
changed  one  unit  in  the  second  decimal  place  by  this  factor  but  it  was 
determined  in  every  case  to  guard  against  larger  error.  A  similar  result 
was  found  in  the  analysis  of  merctiric  chloride.  At  that  time,  it  was 
assumed  to  be  due  to  the  presence  of  mercury  salts  in  solution.  While 
no  other  supposition  is  put  forward  here,  it  is  difficult  to  understand 
how  such  small  quantities  of  mercury  as  are  present  (none  has  been 
shown  in  tests)  could  have  such  a  strong  solvent  action.  It  is  not  im- 
possible that  some  of  the  finely-divided  mercury  escaped  notice  and  was 
dissolved  by  the  very  dilute  nitric  add  added  to  neutralize  the  solution. 
That  bromine  was  present,  however,  was  proven  by  carrying  out  a  blank 
test  at  the  same  time  the  solution  was  examined.  The  two  sets,  one  with 
the  solution,  the  other  with  pure  water,  were  treated  alike  in  every  de- 
tail and  although  halogens  were  always  found  in  the  blank  due  to  the 
reagents,  yet  larger  amotmts  were  always  found  in  the  solution.  The 
method  of  determination  consisted  in  the  predpitation  of  the  heavy 
metals  in  slightly  ammoniacal  solution  by  means  of  hydrogen  sulfide. 
A  small  amount  of  alum  in  the  solution  assisted  in  sectuing  a  clear  filtrate. 
Boiling  served  to  drive  off  most  of  the  hydrogen  sulfide  and  the  remainder 
was  oxidized  to  sulfuric  add  by  means  of  hydrogen  peroxide.     On  acidify- 
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ing  the  solutions,  tests  for  the  presence  of  halogens  were  made  with  the 
aid  of  the  nephelometer. 

As  an  illustration  of  the  relative  value  of  the  corrections  necessary 
in  finding  the  amount  of  silver  bromide  which  results  from  a  given  weight 
of  mercuric  bromide,  we  may  take  experiment  No.  9.  In  this  case, 
11. 28487  grams  of  mercuric  bromide  gave  rise  to  11.75970  grams  of  silver 
bromide,  the  latter  weight  being  the  sum  of  various  factors  as  follows: 

Weight  of  silver  bromide  dried  at  150-160° 11 .76077 

Weight  of  silver  bromide  in  filtrate  (1225  cc.) 0.00025 

Weight  of  silver  bromide  in  wash  water  (1020  cc.) 0.00020 


Water  in  silver  bromide  dried  at  150-160°  (loss  on  fusion) 0.00134 

Silver  chloride,  due  to  chlorine  in  hydrazine  hydrate 0.00002 

Silver  chloride,  due  to  chlorine  in  sodium  hydroxide 0.00016 


II. 76122 


0.00152 

Corrected  weight  of  silver  bromide 1 1 .  75970 

The  weighings  were  made  by  the  method  of  substitution  by  the  use 
of  a  delicate  Sartorius  balance  and  the  weights  found  in  air  have  been 
converted  tcT  weights  in  a  vacuum  by  the  use  of  the  following  correc- 
tions : 

-f  0.000067  gram  per  gram  of  mercuric  bromide. 

4-  0.000041  gram  per  gram  of  silver  bromide. 

The  platinum  plated  weights  were  carefully  calibrated  and  the  correc- 
tions duly  applied. 

Thb  Results. 


No.  of 
exp. 


Sample 


I. 

2. 

3. 

4 

5 
6 

7 
8 

9 
10 
II , 


Hg. 

Br. 

Wei^tof 
HffBrz. 

I 
I 
2 

8.93958 
14.36691 
10.13638 

2 
3 

3 
3 
3 
3 

2 

3 

2 

9  94452 
12.60142 

12.16157 
II. 19762 
16.16607 

M.  2  8487 

3 

2 

17.25074 

3 

3 

14.20924 

Weight  of 
AffBr. 

The 
atomic  weight^ 
of  Hg. 

9.31480 

200.63 

14.96940 

200.64 

10.56230 

200.61 

10.36218 

200.62 

13.13051 

200.63 

12.67122 

200.65 

11.66809 

200.62 

16.84235 

200.68 

11.75970 

200.59 

17 -97597 

200.61 

14.80685 

200.61 

Mean,  200.64 

Any  discussion  of  the  results  would  practically  be  a  repetition  of  that 

in  the  paper  on  the  chloride.     No  evidence  has  been  unearthed  in  the 

present  work  to  allow  a  different  view  of  the  result.     Hydrogen  peroxide 

*  These  results  are  calculated  with  the  values  Br  79.92,  Ag  107.88;  This  Journal, 
33,  1642  (1911). 
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was  used  as  the  reducmg  agent  in  eight  experiments  of  the  series;  in 
Experiments  9,  10,  and  11,  hydrazine  hydrate  served  this  purpose.  The 
mean  result  by  each  method  is  practically  the  same.  This  is  strong 
evidence  that  there  is  little  error  connected  with  the  removal  of  the  mer- 
cury from  mercuric  bromide.  The  results  are  slightly  but  uniformly 
lower,  however,  in  the  cases  where  hydrazine  hydrate  was  used.  This 
would  indicate  that  all  the  bromine  from  mercuric  bromide  had  not  been 
measured  when  hydrogen  peroxide  was  used  or,  on  the  other  hand,  that 
foreign  matter  was  weighed  in  the  other  series.  The  latter  assumption 
would  seem  to  be  the  more  probable,  if  either  carries  any  weight,  for 
hydrazine  hydrate,  if  any  remained  after  the  treatment  with  hydrogen 
peroxide,  might  reduce  the  silver  nitrate  and  thus  give  an  apparently 
large  amount  of  silver  bromide.  This  seems  unlikely,  however,  for  the 
solution  was  purposely  made  more  strongly  acid  in  this  case  than  where 
the  p>eroxide  was  used  in  order  to  counteract  such  a  tendency.  The 
effect  is  certainly  small  and  should  be  connected  with  the  accuracy  of  the 
second,  rather  than  the  first  decimal  place. 

UmvBKsrrr  of  Maine. 
Orono.  Hainb. 
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The  past  year  has  witnessed  no  startling  discoveries  in  the  field  of 
inorganic  chemistry,  yet  there  has  been  great  activity  along  every  line, 
especially  in  working  over  old  material  in  the  light  of  new  theories.  Such 
work  is  often  difficult  and  painfully  slow,  attracts  little  attention  and  adds 
little  to  reputation,  but  is  vitally  necessary  if  we  are  to  broaden  our 
generalizations.  But  one  new  element  has  been  added  to  the  list,  Urbain's 
keltium  (Ct)  from  the  gadolinite  earths,  unless  we  are  to  believe  the 
newspaper  statements  of  a  new  platinum  metal  from  the  northwest,  and 
while  Ramsay  has  given  radium  emanation  standing  as  niton,  doubt 
has  been  thrown  on  Flint's  companion  to  tellurium. 

No  attempt  will  be  made  to  review  the  whole  field,  but  rather  to  con- 
sider some  of  the  most  important  papers  which  have  appeared  the  past 
year.    The  order  followed  will  be  that  of  the  periodic  table. 

Group  III, — Further  work  has  appeared  from  Biltz  (Z.  anorg.  Chem., 
71,  182,  427)  on  the  sulfides  of  this  group.  Al^S,  is  prepared  by  fusing 
together  the  metal  and  sulfur  in  a  crucible  and  then  igniting  the  mass  by 
magnesium  ribbon.  The  material  is  then  sublimed,  best  in  a  vacuum.  The 
felted  product  consists  of  fine  needles,  which  are  quite  possibly  isomor- 
phous  with  corundum,  and  this  is  the  more  probable  since  the  solidifying 
curve  with  alumina  indicates  the  formation  of  mixed  crystals  ("  Misch- 
krystalle"),  though  the  intersolubility  is  not  unlimited.  AljSa  ^s  readily 
attacked  by  moisture,  and  seems  to  form  one  or  more  compounds  with  the 
AljO,  formed.  The  product  obtained  by  Regelsberger  from  alumina 
and  sulfur  in  the  electric  furnace  is  a  complex  mixture,  but  one  of  its 
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constituents  is  the  monosulfide,  AIS,  which  is  more  diffictiltly  volatil 
than  AljS,.  The  latter  fuses  at  1 100°.  A  sulfide  of  lanthanum  is  formed 
by  heating  the  sulfate  in  a  stream  of  hydrogen  sulfide,  which  gives  hydrogen 
persulfide  with  acids  and  has  the  formula  La^S^S.  It  loses  sulfur  above 
600®  giving  La^Sj,  which  shows  no  sign  of  fusion  or  sublimation  at  1000- 
1250°  in  a  vacuum,  but  which  is  hydrolyzed  very  actively  by  water. 
When  praseodymium  sulfate  is  heated  in  hydrogen  sulfide  only  an  oxy- 
sulfide  is  formed,  PrjSO,,  but  if  cerium  is  present,  even  in  minute  quantity, 
as  an  "inductor,"  PrSaCPrjSjS)  is  formed,  and  this  loses  sulfur  in  a  stream 
of  hydrogen  sulfide  at  600-700°,  with  the  formation  of  the  sesquisulfide, 
PrjSg.  This  reaction  is  delicate  enough  to  detect  the  presence  of  cerium 
in  praseodymium  compounds,  and  corresponds  to  the  superoxidation  of 
praseodymium  in.  the  presence  of  cerium. 

By  the  use  of  his  bromate  method  James  (This  Journal,  33,  1332) 
has  prepared  pure  thulium  and  describes  a  number  of  its  salts.  All 
attempts  to  resolve  it  by  fractional  crystallization  failed,  no  change  in  its 
absorption  spectrum  appearing  after  about  15,000  operations. 

In  the  Journal  of  Industrial  and  Engineering  Chemistry,  (3,  299), 
Weintraub  describes  the  preparation  and  properties  of  pure  boron.  It 
may  be  prepared  by  the  action  of  magnesium  on  the  oxide;  the  suboxide, 
B^O,  as  weJl  as  other  impurities  are  removed  by  heating  to  2000®,  at 
which  temperature  they  dissociate.  A  second  method  of  preparation 
is  by  heating  BCI3  (from  the  action  of  chlorine  on  the  carbide)  with  hy- 
drogen. Pure  boron  is  black,  amorphous,  and  exceedingly  hard,  only 
being  surpassed  by  the  diamond.  It  shows  traces  of  volatilization  at 
1200°  but  fuses  only  above  2000°.  Its  most  remarkable  property  is  the 
increase  of  its  electrical  conductivity  with  the  temperature.  In  the  cold 
it  is  a  poor  conductor,  its  specific  resistance  being  10"  times  that  of 
copper.  At  400®  its  specific  resistance  has  decreased  in  the  proportion 
2  X  lo*  :  I.  Weintraub  suggests  that  this  property  may  give  it  im- 
portant industrial  applications. , 

Group  IV, — ^A  very  suggestive  attempt  to  study  the  association  of 
silicate  minerals  from  the  standpoint  of  heterogeneous  equilibrium  is 
made  by  Sosman  (J.  Wash.  Acad.  5ct.,  i,  54),  who  treats  the  mixture 
of  the  metasiLicates  of  Mg,  Ca,  and  Fe  as  a  three-component  system, 
plotting  the  analyses  of  the  various  minerals  and  rocks  made  up  of  these 
constituents  (by  triangular  coordinates).  He  finds  a  boundary  line 
between  the  mineral  analyses  and  rock  analyses,  which  he  considers  to 
represent  the  boundary  between  magma  compositions  that  will  form 
homogeneous  solid  solutions  and  those  that  will  separate  into  two  different 
solid  solutions  between  which  is  a  eutectic.  The  rock  analyses  lie  in  the 
"eutectic  field,"  the  minerals  outside  of  it.  The  two  types  of  minerals 
of  which  these  rocks  are  made  up  are  in  each  case  the  two  solid  solutions 
which  appear  on  opposite  sides  of  the  "eutectic  field."  A  much  broader 
generalization  is  attempted  by  Goldschmidt  (Z.  anorg.  Chem.,  71,  313) 
who  treats  mineral  association  from  the  standpoint  of  the  phase  rule. 
He  uses  the  following  form  of  the  rule  "  the  maximum  number  n  of  solid 
minerals  which  can  exist  together  in  stable  form  is  equal  to  the  number  n 
of  components  which  the  minerals  contain."  This  is  true  for  any  arbi- 
trary temperature  and  any  arbitrary  pressure.  At  a  definite  "singular" 
temperature  (transition-temperature),  or  pressure,  n  -\-  1  minerads  can 
coexist.     He  discusses  numerous  illustrations,  SiO,   as  a  one-component 
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flystem,  Al,Og.SiO,  as  a  two-component  system,  CaO.TiO,.SiO,  as  one  of 
three  components,  and  cites  instances  of  the  practical  value  of  study 
from  this  standpoint.  Last  year  Cambi  described  a  monosulfide  of  silicon 
fonned  by  the  action  of  sulfur  on  ferro-silicon  in  the  electric  furnace. 
This  existed  in  two  forms,  one  black  and  compact,  and  the  other  a  yellow 
powder,  formed  from  it  by  sublimation.  He  now  presents  (AUi  accad, 
Lincei,  Rome,  [5]  20|  i,  433)  a  more  extended  study  of  these  compounds. 
The  yellow  suUSde  is  acted  on  violently  by  water  with  the  evolution  of 
hydrogen,  but  by  care  the  white  hydrol3rtic  product  can  be  obtained 
without  decomposition  and  proves  to  be  the  anhydride  of  silico-formic 
add,  (HSiO)20.  This  has  strong  reducing  powers  and  at  400®  decom- 
poses into  hydrogen  and  SiO,  (with  some  free  Si).  The  Si(OH)„  evi- 
dently first  formed  on  the  hydrolysis  of  SiS,  passes  by  tautomeric  change  into 
dico-forinic  acid,  analogous  to  the  tautomerism  of  GeCOH),  'TT*'  HGdD.OH 
described  by  Hantzsch.  By  the  action  of  dry  HCl  on  the  yellow  SiS, 
dico-chloroform  is  formed:  SiS  +  3HCI  =  H^  4-  SiHCI,.  The  hy- 
dndysis  of  the  black  silicon  monosulfide  is  very  different  from  that  of  the 
yellow,  giving  among  other  products  SiO„  and  Cambi  concludes  that  it  is 
the  product  of  a  decomposition  of  the  yellow  sulfide,  2SiS  =  Si  +  SiS^,  the 
transition  temperature  being  slightly  below  1000^,  the  sublimation  point 
of  SiS,  and  above  which  temperature  only  it  is  the  stable  form.  In  this 
connection  note  may  be  made  that  Besson  and  Foumier  (Compt  rend., 
151,  1055)  have  found  that  the  product  when  dry  HBr  is  led  over  amor- 
phous silicon  at  a  red  heat  is  chiefly  SiBr^,  but  that  SiHBr^  is  also  formed, 
with  a  trace  of  SiH^Br,  and  possibly  SiH,Br.  By  the  action  of  the  silent 
discharge  silico-bromoform  is  converted  into  siUco-methane  homologues, 
S^Br^,  Si^Br,  and  Si4Br|o  having  been  isolated. 

Attention  is  called  by  Werner  von  Bolton  (Z.  Elektrochem,,  17,  816) 
to  an  interesting  biological  action  of  met&llic  thorium.  It  was  noticed 
that  in  distilled  water,  in  which  metallic  thorium  (prepared  by  the  action 
of  Na  on  ThClJ  was  kept,  bacterial-like  growths  appeared,  which  was  not 
the  case  in  the  presence  of  other  metals.  In  further  experimentation  the 
amphioxus  was  kept  in  North  Sea  water  to  which  metallic  thorium  and 
thorium  oxide  had  been  added.  The  animals  remained  alive  much 
longer  than  in  the  absence  of  thorium,  and  the  preservative  action  seemed 
to  be  proportional  to  the  amount  of  thorium  present  and  to  depend  but 
slightly  on  the  oxide.  On  the  other  hand  the  metal  appeared  to  be  in- 
jurious to  vegetable  life,  so  that  possibilities  are  suggested  of  destr03ring 
bacterial  growths  on  animal  life  by  thorium. 

Group  V. — In  his  Baker  lecture  before  the  Royal  Society,  Strutt  (Proc, 
Roy.  Soc.  London,  [A],  85,  219)  describes  a  chemically  active  modification 
of  nitrogen,  formed  when  pure  nitrogen  is  submitted  to  the  electric  spark. 
This  m^fication  is  characterized  by  a  luminescence  which  persists  for  a 
short  time  after  the  discharge  has  ceased.  The  luminescence  is  decreased 
by  heat  and  increased  by  cold.  This  form  of  nitrogen  attacks  many 
elements,  forming  an  explosive  compound  with  mercury.  It  unites  with 
yellow  phosphorus,  much  red  phosphorus  being  formed  at  the  same  time. 
With  iodine  a  beautiful  light  blue  flame  appears,  which  gives  a  spectrum 
with  broad  bands.  With  nitric  oxide  the  dioxide  is  formed,  and  with 
acetylene  and  with  organic  halides  cyanogen  is  formed,  which  was  rec- 
ognizable by  its  spectrum  and  also  by  chemical  tests.  Whether  this 
modification  is  to  be  looked  upon  as  atomic  nitrogen  or  as  a  molecule 


I50  JAS.   LBWIS  HOWB. 

of  the  ozone  type  does  not  yet  appear.  The  constitution  of  the  nitroso 
compounds  of  ferrous  iron  and  of  copper  has  been  further  studied  by 
Kohnschtitter  (Ber,,  44,  1423)  and  the  conclusion  reached  that  the  brown 
color  which  appears  when  nitric  oxide  is  led  into  ferrous  solutions  is  due 
to  the  direct  addition  of  NO  to  the  ferrous  ion.  This  is  confirmed  by  the 
electrol)rtic  migration  of  the  color  toward  the  cathode.  The  reaction 
Fe++  4-  NO  "7"^-  Fe(NO)++  is  reversible  and  the  NO  absorbed  never 
reaches  the  proportion  of  one  molecule  to  each  ferrous  atom.  The  capac- 
ity of  ferrous  solutions  for  nitric  oxide  increases  markedly  in  the  presence 
of  strong  acids  and  here  the  color  changes.  In  this  case  the  color  migrates 
toward  the  anode  and  indicates  the  formation  of  a  complex  anion  con- 
taining both  iron  and  NO.  These  complex  anions  are  somewhat  more 
stable  than  the  nitroso-ferrous  cations.  Blue  cupric  solutions  do  not 
absorb  nitric  oxide,  but  those  which  are  green  or  brown,  such  as  solutions 
of  cupric  chloride  or  bromide  in  alcohol,  acetone,  or  concentrated  solu- 
tions in  water,  form  with  NO  complex  anions  similar  to  those  with  iron. 
Nitroso-cupric  cations  are  unknown.  The  author  holds  that  there  is  no 
relation  between  these  nitroso  compounds  and  nitroso-sulfuric  acid, 
HjSO^N,  which  has  been  suggested  by  some  chemists. 

The  composition  of  solid  hydrogen  arsenide  has  been  investigated  by 
Reckleben  and  Scheiber  (Z.  anorg.  Chem,,  70,  255,  275),  by  determining 
the  amount  of  arsenic  acid  and  reduced  silver  after  the  action  of  ammonia- 
cal  solution  of  silver  on  the  arsenide  and  the  metallic  arsenic  which  in- 
variably accompanies  it.  In  using  this  method  it  is  not  necessary  to 
isolate  the  arsenide,  hence  all  risk  of  oxidation  is  avoided.  The  con- 
clusion is  drawn  that  the  formula  H^As,  best  satisfies  the  results  ob- 
tained. They  also  find  that  when  arsenic  is  sublimed  in  hydrogen  no 
solid  arsenide  is  formed  and  no  considerable  quantity  of  arsine,  H^s, 
a  result  to  be  expected,  but  not  in  accordance  with  the  statements  of 
Retgers.  They  also  find  that  no  solid  arsenide  is  present  in  the  black 
spot  produced  by  cooling  the  arsine  flame,  even  when  an  excess  of  hy- 
drogen is  present.  It  appears  that  the  yellow  modification  of  arsenic  has 
often  been  mistaken  for  the  solid  arsenide.  Incidentally  the  authors  note 
that  arsine  does  not  have  the  garlic  odor  commonly  attributed  to  it, 
but  that  this  odor  is  due  to  the  suboxide.  An  investigation  of  stibine 
shows  no  evidence  of  the  existence  of  any  solid  antimonide  of  hydrogen. 

Reference  should  be  made  to  the  exhaustive  work  of  Ruff  {Ber,,  44, 
506,  2534,  2539)  o^  the  halides  of  vanadium,  in  which  the  methods  of 
preparation  and  the  properties  of  the  chlorides,  bromides  and  fluorides  are 
studied,  but  the  articles  do  not  admit  of  a  brief  abstract.  The  solubility  of 
hydrogen  in  tantalum  has  been  studied  by  Sie verts  and  Bergner  (Ibid.,  p. 
2394)  and  it  is  found  that  while  at  500°  the  gas-free  metal  is  inactive  toward 
hydrogen,  if  it  has  been  saturated  at  higher  temperatures  it  continues 
to  absorb  when  the  temperature  is  lowered.  For  a  given  temperature 
the  solubility  is  proportional  to  the  square-root  of  the  pressure,  and  not 
directly  to  the  pressure,  as  would  be  the  case  if  the  solubility  followed 
Henry's  law.  The  absorption  is  endothermic  and  decreases  with  the 
temperature.  In  most  of  these  respects  palladium  is  the  only  metal 
which  resembles  tantalum,  and  the  solubility  of  hydrogen  in  tantalum 
is  of  much  the  same  magnitude  as  its  solubility  in  palladium.  In  both 
cases  the  solubility  is  due  to  some  combination  of  the  metal  with  hydrogen, 
the  nature  of  which  is  unknown.    After  absorption  of  hydrogen,  tantalun^ 
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wire  becomes  brittle.  The  hydrogen  can  be  removed  by  heating  to  a 
red  heat  in  a  vacuum,  but  the  wire  remains  brittle.  The  reaction  be- 
tween the  metal  and  hydrogen  is  thus  reversible,  but  the  structure  change 
of  the  metal  is  not.  The  original  properties  of  the  metal  are  slowly 
restored  by  heating  to  a  high  white  heat. 

Group  VI. — ^The  suggestion  is  made  by  Ebler  and  Krause  (Z.  anorg, 
Chem,,  71,  150)  that  the  name  peroxydate  ("peroxydat")  should  be  used 
for  derivatives  of  hydrogen  peroxide,  in  order  to  avoid  confusion  with 
peroxides  in  which  the  metal  has  a  higher  valence;  that  is,  in  tautomeric 

compounds,  M<^  |1|"^  yi€     or  M  «  O  —  O  ;^  Ml^    ,  the  former  would  be 

a  peroxydate  and  the  latter  a  peroxide.  It  would  seem  to  the  reviewer 
better  to  confine  the  term  peroxide  to  the  former  and  to  denominate  the 
latter  simply  as  a  dioxide.  The  term  peroxide  would  then  be  used  only 
for  those  compounds  which  on  treatment  with  acids  give  the  reaction  for 
hydrogen  peroxide,  from  which  they  may  be  considered  as  derived. 
Ebler  gives  two  general  methods  for  the  preparation  of  peroxides,  one 
by  the  action  of  metal  alkyles  on  hydrogen  peroxide  in  dry  ether  solu- 
tion, and  the  other  the  action  of  metal  amides  on  the  same  solution. 
By  these  methods  all  secondary  hydrolytic  reactions  are  avoided.  In  this 
way  Ebler  has  prepared  zinc  peroxide,  which  has  the  formula  ZnOj.VjHjO. 
This  is  a  fairly  stable  compound  which  is  very  slowly  hydrolyzed  in  cold 
water,  and  with  adds  gives  the  reactions  for  H3O,. 

The  reaction  between  SO,  and  NH3,  to  which  already  so  much  attention 
has  been  given  by  Divers,  Ogawa,  and  others,  has  been  further  stujdied  by 
Ephraim  {fier,^  44,  379,  386,  395),  who  finds  three  distinct  products:  by 
excess  of  SO,,  aminosulfinic  acid,  NHj.SOjH,  is  formed;  by  excess  (rf 
NH„  either  white  ammonium  aminosulfite,  NHj.SOjNH^,  or  a  red  com- 
pound with  the  formula  2SO2.4NHS.  Since  three  of  the  nitrogen  atoms 
differ  from  the  fourth  and  since  a  silver  salt  with  three  atoms  of 
silver  can  be  formed  from  it,  the  red  compound  must  be  the  tri-ammonium 
salt  of  imino-disulfinic  acid,  NH^.NCSO^NH^),.  This  compound  is  also 
formed  by  the  reaction  between  thionyl  chloride  and  liquid  ammonia. 
By  the  action  of  thionyl  chloride  and  hydrazine,  an  analogous  compound 
is  formed,  hydrazine-disulfinic  acid,  HO,S.NH.NH.SOjH,  in  which  all 
the  hydrogen  is  replaceable,  as  by  Ba.  In  the  reaction  between  thionyl 
chloride  and  hydrazine  a  portion  of  the  thionyl  chloride  is  reduced  to 
sulfur  which  dissolves  in  the  hydrazine  with  the  formation  of  sulfohy- 
drazinium,  which  is  analogous  to  sulfammonium,  for  which  Ruff  has 
found  the  formulas  (SCNHj)^),  and  (SCNH,),),  (Z.  anorg,  Chem.,  70,  49). 
In  this  connection  Ephraim  also  prepared  sulfohydrazide,  SOjCNH.NH,),, 
and  nitrosulfamide,  NHj.SOj.NH.NO,,  the  first  representatives  of  hy- 
drazides  of  inorganic  adds  and  of  inorganic  nitramides.  In  this  con- 
nection may  be  noted  the  first  of  a  series  of  compounds  in  which  sutf- 
aminic  add  takes  the  place  of  ammonia  in  the  metal-ammines.  By  the 
action  of  sulfaminic  add  on  potassium  chloroplatinite  Kirmreuther 
(Ber.,  44,  31 15)  has  formed  two  salts  of  the  formula  (Cl,Pt(NH,.SOj)j)K„ 
one  bemg  a  dihydrate  but  not  converted  into  the  other  by  loss  of  water 
of  crystallization.  These  two  salts  prove  to  be  stereoisomers,  the  hy- 
drated  salt  being  the  ciy-form.  Both  salts  are  neutral  but  the  trans- 
form is  convert^  by  caustic  potash  into  a  tetra-potassium  salt,  which 
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apparently  has  the  formula  (Cl4Pt(NH.S08K)a)K3,  a  derivative  of  an 
isomeric  di-potassium  salt,  (Cl2Pt(NH.S08H)j)K3,  which  has  not  been 
prepared.  In  discussing  the  formula  of  the  lead  chamber  crystals,  Jurish 
{Chem.  Zig.,  34,  1065)  holds  that  it  is  neither  a  nitro-  or  a  nitrosyl-sulfuric 
add,  but  that  the  formula  must  be  doubled,  as  indeed  Weber,  from  whom 
the  add  is  often  named,  suggested.  The  formula  S0,(0H)2,  which  is 
ordinarily  given  for  sulfuric  add,  should  be  discarded  since  the  add  con- 
tains ndther  SOj  nor  hydroxyl  groups,  but  is  rather  a  compoimd,  after 
Werner,  of  SO,  with  H,0.  In  the  union  of  SO,  with  H,0  in  the  lead 
chamber,  when  iasuflBident  water  is  present,  instead  of  forming  (double 
formula)  H,O.SO,.SO,.H,0,  one  HjO  is  replaced  by  N^O,,  giving 
H,O.SO,.SO,.N30„  which  is  the  formula  of  the  chamber  crystals. 

Harcourt  and  Brereton  Baker  (/.  Chem,  Soc.,  99,  131 1)  have  repeated 
the  work  of  Flint  on  the  fractional  hydrolysis  of  tellurium  tetrachloride 
but,  contrary  to  Flint,  find  no  evidence  of  a  fraction  with  a  lower  atomic 
wdght  for  tellurium.  They  suggest  that  Flint's  results  might  have  been 
occasioned  by  the  presence  of  the  trioxide.  In  the  course  of  his  extensive 
work  on  salts  of  the  type  M^M^^hjJ^^  Gutbier  has  described  (J.  prahi. 
Chem.,  [2]  83,  145)  a  large  number  of  chloro-  and  bromo-tellurates  of 
organic  bases,  and  these  have  also  been  crystallographically  examined  by 
L<mk.  These  salts,  while  soluble  without  decomposition  in  very  little 
water,  even  if  warmed,  are  rapidly  hydrolyzed  by  the  slightest  excess, 
and  cannot  be  recrystallized  from  pure  water.  They  are,  however, 
readily  recrystallized  from  dilute  HCl  or  HBr.  In  add  solution  they  act 
toward  re^^ents  in  every  respect  like  solutions  of  TeO,  in  the  add.  By 
passing  an  dectric  arc  between  tellurium  dectrodes  under  strongly  cooled 
CS,,  Stock  {Ber,,  44,  1832)  has  obtained  carbon  ditelluride,  CTe,,  in 
dilute  solution.  *  The  compound  could  not  be  isolated,  but  its  analysis 
was  determined  by  its  decomposition  products.  It  is  exceedingly  un- 
stable; its  solution  is  golden-yellow,  and  when  its  concentrated  solution 
is  cooled  to  — 100®  it  deposits  minute  brown  crystals.  Even  in  a  0.1% 
solution  its  odor  is  intolerably  suffocating.  It  resembles  in  many  re- 
spects the  little  known  CSe,. 

The  "complex"  adds  containing  molybdic,  tungstic,  and  other  acids 
have  long  interested  chemists  and  many  unsuccessful  efforts  have  been 
made  to  account  for  these  compounds  on  valence  theories.  The  ap- 
plication of  Werner's  theories  proved  no  less  dusive  until  Miolati  sug- 
gested the  resemblance  of  these  adds  to  salts  of  the  familiar  type, 
(M»X',)"^*,  (such  as  PtCl^),  where  the  valence  of  the  ion  depends  upon  the 
valence  of  the  central  atom,  bdng  the  difference  between  the  valence 
of  this  atom  and  that  of  the  atoms  or  groups  which  surround  it.  We 
would  thus  have  the  ions  (TeO,)^,  (10,)^,  (PtO,)^",  etc.  The  difficulty 
of  applying  this  to  the  complex  adds  is  the  same  as  presents  itself  in 
applying  it  to  many  of  these  simpler  adds,  that  frequently  the  end-form 
is  not  developed.  Thus  in  the  telluric  and  periodic  acids,  the  commoner 
salts  are  derived  from  H,Te04  and  HIO^.  Salts  of  the  normal  adds, 
as  Ag,TeO,  have,  however,  been  prepared.  Again,  in  platinic  add  six 
of  the  hydrogen  atoms  migrate  within  the  nudeus  and  its  salts  are  those 
of  the  add  (Pt(OH)e)".  The  beginnings  of  Miolati  have  been  followed 
up  in  the  work  of  Rosenhdm  (Z.  anarg.  Chem,,  69,  247,  261 ;  70,  73,  248; 
Z.  Elektrochem,,  17,  694),  and  he  has  been  remarkably  successful  in  pre- 
paring salts  of  the  end-forms  of  the  different  types,  thus  substantiating 
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the  predictions  of  the  theory.  In  the  application  of  this  theory  to  the 
complex  acids,  in  the  types  noted  above  the  oxygen  is  replaced  by  bivalent 
groups,  such  as  M0O4  ^^^  WO4,  or  Mo^O^  and  W^Oj,  and  we  would  have 
as  complex  adds  such  as  the  following: 

from  H,(IO^  H,(PO.)  H,(SiO,) 

H,(I(MoO,),)  H,(P(Mo,0,).)  H,(Si(Mo,0,)J 

H,(I(WO,)^  H,(P(W,0,)^  H,(Si(W,0,).),  etc. 

Now  while  many  of  these  adds  are  evidently  tribasic,  as  the  familiar 
phosphomolybdic  add,  Miolati  had  already  found  by  physico-chemical 
methods  that  the  free  add  gave  evidence  of  a  higher  basidty,  and  Rosen- 
heim has  now  prepared  the  guanidinium  salts  of  phosphomolybdic  and  of 
arsenomolybdic  adds,  in  which  the  adds  are  actually  septi-basic,  and 
yet  the  salts  by  conductivity  determinations  prove  to  be  neutral  salts, 
a  remarkable  confirmation  of  theory.  In  the  oxalo-tellurates,  telluric 
acki,  of  formula  H«TeOe  (not  TeOg),  is  actually  present  in  the  anion.    Meta- 

tungstic  add  he  finds  to  be  an  aquo-add  with  formula  H,(WO)tj  QV*)+aq., 

and  this  is  confirmed  by  the  fact  that  the  silver,  thallium  and  guani- 
diniiun  salts  all  contain  three  molecules  of  water.  It  may,  however, 
be  noted  that  this  is  contrary  to  the  views  of  Copaux  regarding  the  water 
{Ibid.,  70,  297).  For  those  "complexes"  made  up  of  the  same  add 
anhydrides,  Rosenhdm  proposes  the  name  isopolyadds,  as  polymolybdic 
add,  while  for  those  which  contain  different  anhydrides  heteropolyadds 
is  used,  as  for  phosphomolybdic  or  arsenottmgstic  adds.  This  beginning 
of  the  systematization  of  the  complex  adds  mil  be  welcomed  by  all  who 
have  worked  on  these  interesting  but  perplexing  compounds. 

Group  VII . — ^The  method  of  preparation  erf  anhydrous  chlorides  re- 
cently developed  by  Bourion,  heating  the  oxide  in  chlorine  and  the  chloride 
of  sulfur,  has  been  extended  in  various  directions.  Chauvenet  {CompL 
rend.,  152,  87,  1250)  finds  that  by  heating  in  a  current  of  COCl,  many 
different  oxides  are  converted  into  chlorides.  The  temperatures  neces* 
sary  to  induce  the  reaction  vary  from  350°  for  Fe,0,  to  650**  for  ThO,. 
WO,  forms  at  350°  the  oxychloride  WOjCl,,  but  in  all  other  cases  the 
chloride  was  formed.  Carbonyl  chloride  reacts  also  similarly  with  sul- 
fides, carbonyl  sulfide  being  the  by-product.  This  reaction  is  capable 
of  many  applications,  as  in  the  decomposition  of  sulfide  ores,  and  thdr 
analysis,  and  also  in  the  preparation  of  carbonyl  sulfide.  Michael  and 
Murphy  {Am.  Chem.  /.,  44,  365)  have  studied  the  reaction  between 
chlorine  in  carbon  tetrachloride  solution  on  many  oxides,  espedally  with 
a  view  to  the  positions  of  the  metals  in  the  periodic  system,  as  well  as 
to  the  relation  of  unsaturated  oxides  to  chlorine.  Thus  in  the  case  of 
FeO.  MnO,  NiO  and  CoO,  the  general  reaction  is  3MO  -f  CI,  =»  M,0,  + 
MClj.  With  FeO  the  reaction  takes  place  activdy  at  — 18®,  while  that 
with  MnO  is  not  quite  as  active.  NiO  reacts  at  ordinary  temperature, 
but  the  reaction  is  completed  only  after  some  time,  while  with  CoO  heat- 
ing in  a  closed  tube  to  100^  is  necessary  for  the  completion  of  the  reaction. 
In  some  cases  oxychlorides  are  formed  at  lower  temperatures  and  chlorides 
when  more  highly  heated.  The  action  of  the  CI-CCI4  solution  on  MoO„ 
and  WO,  would  appear  to  be  the  best  method  of  preparing  MoCl«,  WOCI4, 
and  WCl^.  In  some  cases,  as  with  Ag,0  and  CrO,  the  solvent  takes  part 
in  the  reaction,  the  CCI4  bdng  oxidized  to  COCl,.  The  authors  call 
attention  to  the  fact  that  since  chlorine  is  soluble  in  CG^  to  the  extent  of 
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io%  of  its  weight  at  ordinary  temperature  and  25%  at  o**,  this  solution 
affords  a  convenient  means  of  using  chlorine  in  a  fairly  concentrated 
condition.  Darzens  (Compt.  rend.,  153,  270)  has  studied  the  action  of 
thionyl  chloride  on  oxides,  and  finds  that  in  general  its  action  is  similar 
to  that  of  the  CI-S3CI2  mixture.  In  some  cases,  however,  as  with  WO, 
and  with  gadolinium  oxide,  it  was  found  impossible  to  complete  the 
chlorination,  *the  oxychloride  being  formed,  even  at  high  temperatures 
and  with  excess  of  the  reagent.  Thionyl  chloride  offers  in  no  case  any 
advantage  over  the  Cl-SjClj  mixture  for  converting  oxides  into  chlorides, 
while  it  is  much  more  difficult  to  prepare  and  especially  to  obtain  free  from 
phosphorus.  The  action  of  POCl,  on  metallic  oxides  is  the  subject  of  a 
paper  by  Bassett  and  Taylor  (/.  Chem.  Soc,  99^  1402).  In  some  cases, 
as  with  the  oxides  of  cadmium,  cobalt,  copper,  mercury,  iron  and  alu- 
minum, the  anhydrous  chloride  of  the  metal  was  at  least  the  chief  product. 
In  other  cases  what  appear  to  be  addition  products  were  formed,  such  as 
Ca0.2POCl3  at  110°  and  CaCaPOCl,  at  ordinary  temperature,  and 
analogous  compounds  with  MgO,  MnO,  and  ZnO.  The  fact  that  these 
compotmds  give  up  their  POClj  content  to  petroleum  ether  would  seem 
to  relegate  them  to  the  class  of  addition  products,  still  it  is  possible  that 
they  may  be  looked  on  as  phosphates  in  which  hydroxyl  groups  are  re- 
placed by  chlorine,  and  their  constitution  may  have  a  bearing  on  that  of 
apatite  and  wagnerite.  When  the  reaction  between  phosphoryl  chloride 
and  oxides  was  carried  out  in  a  solution  of  acetone  or  of  esters,  the  solvent 
took  part  in  the  reaction  and  complex  compounds  were  formed  contain- 
ing the  solvent,  P^O^Cl^,  and  the  metallic  oxide.  An  interesting  case  of 
isomerism  is  noted  by  Costachescu  {Ann.  ScietU.  Univ.  Jassy,  7,  5)  in  his 
study  of  metallic  fluorides.  When  freshly  prepared  cobalt  hydroxide  is 
dissolved  in  HF  and  evaporated  in  vacuum  over  H2SO4,  large  garnet-red 
crystals  are  obtained  of  the  formula  CoFjCHjO)^,  while,  if  the  original 
solution  is  precipitated  by  alcohol,  small  rose  crystals  of  the  same  com- 
position are  obtained,  but  which  lose  much  more  water  at  60**  and  which 
unite  directly  with  pyridine  in  the  cold,  while  the  dark  red  modification 
reacts  only  when  heated  on  the  water  bath.  The  isomerism  seems  to  be 
attributable  to  the  fluorine  in  the  first  more  stable  form  being  on  opposite 
angles  of  an  octahedron,  while  in  the  latter,  less  stable  form,  they  are  on 
neighboring  angles.  Both  give  'the  same  pyridine  compound, 
((H20)2CoPyr4).Fj  -f-  H3O.  With  nickel  the  modification  correspond- 
ing to  the  less  stable  form  only  was  obtained,  and  this  forms  with  pyridine 
a  compound  analogous  to  that  with  cobalt.  Attention  should  be  called 
to  a  paper  by  Herrmann  (Z.  anorg,  Chem.,  71,  257)  from  the  Gottingen 
physico-chemical  laboratory,  which  opens  up  a  little  worked  field.  It  is 
entitled  "The  Combining  Power  of  the  Chlorides  of  Copper,  Lead,  Iron, 
Tin  and  Bismuth,  and  of  the  Chlorides,  Bromides  and  Iodides  of  Copper 
and  Cadmium,"  and  is  a  study  of  these  compounds  from  a  similar  stand- 
point  to  that  of  metallography.  Where  not  prevented  by  the  "alloy'* 
being  too  hygroscopic,  microscopic  studies  were  also  made.  In  some 
cases  compounds  were  found  and  two  eutectics;  in  others  only  a  single 
eutectic;  in  some  cases  mixed  crystals  with  complete  or  with  limited 
solid  solubiUty.  The  paper  does  not  admit  of  abstraction  here,  espe- 
cially as  it  is  quite  fully  treated  in  Chemical  Abstracts,  5,  3545,  but  it  may 
be  noted  that  no  parallel  is  found  between  the  combining  power  of  metals 
and  of  their  salts.     Further  developments  along  this  line  cannot  fail  to 
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bring  out  much  of  interest.  Bleaching-powder  has  been. again  the  sub- 
ject of  investigation,  this  time  by  Taylor  (/.  Chem.  Soc.,  97,  2541),  who 
finds  that  when  CO,  is  led  over  bleaclung-powder  only  chlorine  is  evolved 
and  no  hypochlorous  add.  The  same  is  true  when  CO,  is  led  into  a  solu- 
tion of  NaCl  and  NaOCl.  Thus  CO,  acts  in  this  respect  like  other  acids. 
That  HCl  is  set  free  by  CO,  may  be  made  evident  by  leading  CO,  into  a  ' 
solution  of  NaCl  or  CaCl,  containing  methyl  orange,  when  the  indicator 
is  turned  red.  If  air  free  from  CO,  is  led  into  a  bleaching-powder  solution, 
the  evolved  gas,  which  is  given  off  very  slowly  in  the  cold  but  more  rapidly 
when  warmed,  is  almost  exclusively  HOCl,  but  with  ordinary  air  which 
has  not  been  freed  from  CO,,  the  HOCl  is  accompanied  by  chlorine.  It 
is  suggested  in  explanation  of  these  reactions  that  in  bleaching-powder 
there  exists  the  equilibrium: 

2Ca(0H),  +  2CI,  :;;±:  CaCl,  +  Ca(OCl),  +  2H3O. 

The  action  of  CO,  would  then  consist  in  neutralizing  the  Ca(OU)„  and 
thus  displacing  the  equilibrium  to  the  left.  Similarly,  in  bleaching  as  the 
chlorine  is  used  up,  more  is  freed  and  the  reaction  goes  on  to  the  left  to 
completion.  This  equation  would  explain  why  the  action  of  bleaching- 
powder  is  more  intense  in  the  presence  of  CaCl,  in  excess,  increasing  its 
concentration,  and  why  electrolytic  bleach  is  more  active  than  a  mere 
solution  of  h3rpochlorite. 

What  seems  to  be  a  salt  of  quadrivalent  manganese  with  an  oxy-acid 
has  been  prepared  by  Marino  (Atti  accad.  Lincei,  Rome,  [5],  20,  i,  447). 
Analogous  with  the  action  of  SO,,  when  MnO,  is  treat^  with  SeO„  a 
compound  is  formed  which  has  the  formula  MnSe,Oo.  This  is  a  yellow 
crystalline  powder,  insoluble  in  water  and  in  dilute  HNO,  and  H,S04, 
but  it  possesses  none  of  the  properties  which  would  be  expected  of  an 
analog  of  a  dithionate.  In  concentrated  HCl  it  dissolves  with  evolution 
of  chlorine,  and  liberates  iodine  from  an  acetic  acid-KI  solution.  With 
alkali  hydroxides  and  carbonates,  MnO,  is  formed,  and  oxalic  acid  is 
oxidized  to  CO,.  Numerous  other  reactions  show  that  it  is  an  oxidizing 
agent  of  considerable  strength.  It  thus  seems  quite  certain  that 
quadrivalent  manganese  is  present.  Selenous  acid  is  recovered  by  the 
action  of  alkaUes,  so  that  the  salt  is  to  be  looked  on  as  a  selenite  of  quad- 
rivalent manganese,  Mn(SeO,),.  By  heat  it  is  converted  by  loss  of  SeO, 
into  manganese  selenate,  MnSeO^,  which  on  further  heating  is  decomposed 
into  SeO,  and  Mn^O^  (and  O). 

Group  yill. — ^Two  papers  have  appeared  on  the  relation  of  FeO  and 
Fe^04  to' water  at  moderately  high  temperatures,  the  one  by  Friend, 
Hull  and  Brown  (J,  Chem.  Soc.,  99,  969),  who  have^tudied  the  action  of 
water  vapor  on  iron,  and  the  other  by  Hilpert  and  Beyer  (Ber,,  44,  1608), 
who  use  the  reaction  between  hydrogen  saturated  with  water  vapor  on 
ferric  oxide.  According  to  the  former,  the  velocity  of  the  reaction  be- 
tween Fe  and  H,0,  as  measured  by  the  increase  in  weight  of  the  iron, 
is  at  500®  practically  zero.  At  820°  and  at  higher  temperatures  the  iron 
is  completely  oxidized  to  Fe^O^.  Between  these  temperatures  the  curve 
of  oxygen  absorption  finally  becomes  parallel  to  the  time  axis,  which 
according  to  the  authors  is  explicable  if  it  is  assumed  that  at  lower  tem- 
peratures (350®)  the  dissociation  pressure  of  water  is  but  little  greater 
than  that  of  FeO,  but  less  than  that  of  Fe^O^.  Only  at  820°  does  the 
dissociation  pressure  of  water  reach  that  of  Fe,04.    Then  we  can  con- 
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oeive  that  at  the  lower  temperature  FeO  is  first  formed,  and  from  there  to 
820®  a  mixture  of  FeO  and  Fefi^,  the  dissodation  pressure  of  the  oxides 
being  in  equilibrium  with  that  of  water  for  each  particular  temperature.  At 
820**,  the  dissociation  pressure  of  water  reaching  that  of  Fe,04,  this* oxide  only 
will  be  formed.  The  authors  were  unable  to  bring  any  direct  proof  of  this 
view,  since  they  could  not  reduce  Fej04  in  a  current  of  steam.  Starting  out 
from  the  fact  that  it  is  impossible  to  obtain  the  lower  oxides  of  iron  by 
reduction  of  FcjO,  in  hydrogen  or  CO,  since  owing  to  the  removal  of  the 
oxidation  products  the  partial  pressure  of  the  oxygen  remains  at  zero 
and  hence  less  than  that  of  the  oxide,  Hilpert  and  Beyer  inhibit  this 
reduction  of  the  oxygen  pressure  by  carrying  on  the  reduction  by  a  mixture 
of  hydrogen  and  water  vapor.  At  a  red  heat  the  dissociation  pressure 
of  the  oxygen  of  water  is  certainly  greater  than  that  of  Fe,04,  since  the 
latter  is  formed  by  heating  the  metal  in  steam.  Thus  by  mixing  hydrogen 
and  steam  the  dissociation  of  the  latter  is  inhibited  to  any  desired  degree, 
and  hence  one  can  prepare  mixtures  of  these  gases  in  which  the  partial 
pressure  of  the  oxygen  shall  correspond  to  any  desired  value,  between  that 
of  the  metal  and  FcjO^.  Experimentally  the  authors  prepared  their 
mixtures  by  leading  hydrogen  through  water  at  fixed  temperatures;  their 
oxide  was  pure  Fefi^  prepared  from  the  oxalate,  and  heating  and  cooling 
was  carried  on  in  a  stream  of  nitrogen.  The  composition  of  the  resulting 
products  was  determined  by  loss  of  weight,  and  by  titration  of  the  ferrous 
iron  and  of  the  total  iron.  Some  150  experiments  were  carried  out  from 
300-1100®,  Between  300®  and  400°  by  using  less  than  4%  of  water 
vapor,  all  possible  stages  of  reduction  of  the  metal  were  obtained.  When 
the  amount  of  water  vapor  passed  this  limit  pure  Fe304  was  obtained. 
In  no  case  was  FeO  obtained  as  a  definit  phase.  It  is  thus  possible  to 
prepare  pure  Fe^O^  by  heating  ferric  oxide  to  400®  in  a  stream  of  hydrogen 
which  has  been  passed  through  a  wash  bottle  of  water  heated  to  30-50** 
At  500®  a  mixed  oxide  with  50%  FeO  was  obtained,  and  by  using  higher 
temperatures  the  mixed  oxides  contained  larger  proportions  of  FeO. 
At  700°  the  limit  is  85%  FeO,  the  limiting  proportion  of  water  in  the  vapor 
being  38%.  Even  at  1100°  the  oxide  still  contained  a  minimum  of  1.5% 
Fe,0„  nor  does  it  appear  possible  by  reduction  to  obtain  pure  FeO.  By 
starting  with  pure  iron  instead  of  ferric  oxide  the  iron  was  but  slowly 
attacked  by  the  hydrogen-water  vapor  mixture,  and  oxides  of  indeter- 
minate composition  were  formed,  nor  was  it  found  possible  by  pure  water 
vapor  to  convert  the  iron  completely  into  Fe,04,  even  after  many  hours. 
The  magnetic  character  of  the  resultant  oxides  was  also  examii\ed.  This 
diminishes  with  increasing  amounts  of  FeO  and  when  between  80  and 
90%  FeO  is  present  the  magnetic  quality  has  well  nigh  disappeared. 
Since  Fe,0,  is  paramagnetic  it  appears  that  the  marked  magnetic  quality 
of  Fe,04  is  ^"^  to  a  compound  of  the  two  oxides.  The  conditions  neces- 
sary for  the  formation  of  iron  pyrites  are  very  fully  discussed  by  Feld 
(Z.  angew.  Chem,,  24,  97,  290),  the  working  of  a  method  for  the  purifica- 
tion of  illuminating  gas  from  H^S  and  NH3  by  means  of  certain  iron  com- 
pounds having  led  to  the  discovery  of  the  ready  formation  of  FeS,  in 
aqueous  solution.  If  a  solution  containing  iron  thiosulfate  and  iron 
pol)rthionates  is  boiled  with  FeS  and  sulfur,  FeS,  is  formed.  It  is  also 
rapidly  formed  when  FeS  is  heated  in  neutral  or  weakly  acid  solutions 
with  excess  of  sulfur  or  substances  which  can  readily  part  with  the  sulfur 
which  they  contain.    The  presence  of  basic  substances  even  as  weakly 
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basic  as  magnesia,  hinders  the  formation  of  PeS,,  while  the  presence  of 
reducing  substances  promotes  the  union  of  FeS  and  S  to  FeS,.  The 
author  suggests  that  precipitated  iron  sulfide  is  actually  Fe(OH)(SH), 
and  that  fiiis  unites  with  sulfur,  water  being  split  ofT  and  FeS,  formed. 
Bases  or  oxidizing  substances  would  antagonize  the  precipitation  of  the 
Fe(OH)(SH).  The  following  proposition,  a  modification  of  that  of 
Bischoff  (Lehrbuch  d,  chem,  u.  physik,  Geologie,  i,  917),  is  laid  down:  Where- 
ever  iron-carrying  waters  come  into  contact  with  reducing  substances 
which  can  give  up  sulfur  and  are  not  basic,  and  wherever  rocks  which 
contain  iron  and  are  not  basic  come  into  contact  with  waters  which  con- 
tain reducing  substances  and  substances  which  can  give  up  sulfur,  there 
FeS,  will  be  formed.  This  then  is  the  condition  of  pyrites  formation  in 
nature.  Rosenberg  has  concluded  his  investigations  of  the  nitroprus- 
ades  by  a  long  paper  {Arkiv.  Kem,  Min.  GeoL,  4,  Nr.  3,  1),  in  which  he 
considers  the  mother  substance  of  the  nitroprussides  to  be  nitroso-iron- 
trisulfide,  (NO),FeS,.  This  is  prepared  by  leading  nitric  oxide  into  a 
solution  of  ferrous  chloride  at  — 2®  and  then  partially  precipitating  by 
the  addition  of  a  very  dilute  solution  of  sodium  trisulfide,  though  other 
alkali  sulfides  will  answer.  The  precipitate  is  filtered  off  and  nitric  oxide 
and  the  sulfide  again  added  until  the  iron  has  been  completely  precip- 
itated. Rosenberg  considers  that  a  nitrosochloride,  (NO),FeCl„  is  at 
first  formed,  but  in  view  of  the  fact  that  ferrous  iron  will  unite  with  only 
one  nitroso  group  this  may  be  doubted.  The  nitroso-iron  trisulfide  is 
very  stable  towards  acids  but  is  attacked  by  alkalies.  In  sodium  sulfide 
it  dissolves  with  the  separation  of  stdfur  and  the  formation  of  the  red, 
unstable,  nitroprusside.  The  reaction  is:  2(NO)jFeS8  -f-  Na,S  = 
(NO)4Fe3S2Na2  +  5S.  By  the  action  of  dilute  acids,  even  carbonic,  or 
better  by  the  action  of  the  nitroso-iron  trisulfide,  the  red  salt  goes  over 
into  the  stable  black  nitroprusside:  2(NO)4Fe3S2Na,  +  2H+  = 
(NO)^Fe4SjNa  +  2Na+  +  NaS  4-  H,  +  NO.  Both  salts  contain  the 
sexivalent  (Fe,)  group,  the  constitution  of  the  black  salt  being 
(N0)aFe2(SFe(N0),)j.SNa.  This  indicates  why  the  black  salt  should  be 
formed  by  the  action  of  the  nitroso-iron  sulfide  on  the  red  salt.  By  the 
action  of  alkalies  the  black  salt  is  changed  into  the  red. 

The  recent  work  of  Werner  {Ber,,  44^  873,  1887,  2445,  3132)  on  isom- 
erism in  cobalt  and  chromium  bases  is  hardly  surpassed  in  brilliancy  by 
the  classic  work  on  the  asymmetrical  carbon  atom.  From  the  standpoint 
of  Werner's  valence  theory  numerous  isomers  should  be  possible  among 
the  metallo-bases,  though  none  were  known  when  he  suggested  his  theory. 
By  persistent  work  these  gaps  have  gradually  been  filled,  giving  thereby 
the  strongest  substantiation  to  his  theory.  In  the  simple  cobalt  bases  the 
six  atoms  or  groups  surrounding  the  cobalt  atom  in  the  coordinated 
group  are  conceived  of  as  situated  at  the  six  comers  of  an  octahedron. 
This  group  has  best  lent  itself  to  detection  of  isomerism  when  four  of  the 
comers  are  occupied  by  two  molecules  of  ethylenediamine.  In  the  group 
XjCoEiia  (En  is  used  as  the  symbol  of  ethylenediamine)  the  two  groups 
X  may  be  on  contiguous  or  on  opposite  corners.    Thus  we  may  have  the 

cir*form    /2^x^®°'    and  the /ranj-f  orm    /5\x^^^°^   •    This  isomerism 

has  been  realized  in  numerous  cases.  In  case  X  =  NO,  another  form  of 
isomerism  is  possible  according  to  whether  NO,  represents  the  nitro  or 
tiie  mtrito  group.    Both  of  these  possibilities  are  realized  experimentally. 
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A  third  realized  form  of  isomerism  is  called  by  Werner  ionization-meta- 
merism,    as   is   found   in   two   forms   such   as  I  o!n^^  ®°«     "^     ^^^ 

I  ^  X^  En^l-NOj,  where  X  =  CI,  Br,  SCN,  etc.  Again  in  coordination- 
polymerism  we  have  the  nitrito-cobaltites  of  two  different  bases, 
(Co  En,).Co(NOa)„  and  Iq^n^^  En^  |5.Co(NOj)„  which  are  polymers. 
But  yet  more  remarkable  is  the  possiGility  of  a  fifth  kind  of  isomerism. 
If  the  formula  of  the  coordinated  group  (2)0  N^^  ®°*  ^^  really  rep- 
resented by  the  figure  of  an  octahedron,  it  follows  that  there  should  be 
two  forms  which  should  be  mirror  images  of  each  other,  and  from  the 
^malogy.  of  compounds  with  an  asymmetrical  carbon  compound,  these 
should  be  optically  active.  This  compound,  as  well  as  several  others  of 
similar  type,  have  been  prepared  and  have  proved  to  be  racemic  com- 
pounds. They  have  been  split  into  their  active  components  by  a  method 
familiar  in  organic  chemistry,  namely,  obtaining  their  campho-sulfonates 
or  bromo-campho-sulfonates.  The  optical  isomers  show  themselves 
to  be  actually  optically  active,  and  the  two  isomers  have  approximately 
the  same  but  opposite  rotation.  What  is  true  of  cobalt  bases,  if  rep- 
resenting a  general  principle,  should  be  true  of  other  similar  bases,  and 
therefore  Werner  attempted  to  apply  it  to  the  chromium  ethylenediamine 
bases.  Here  he  found  in  chromium  dichloro-ethylenediamine  chloride, 
(CljCr  En3)Cl,  (chromium  violeochloride)  a  racemic  compound,  which  was 
broken  up  into  its  optically  active  components  by  bromo-campho-sul- 
fonate,  showing  itself  in  every  way  analogous  to  the  cobalt  racemates. 
The  chromium  compounds  have  a  smaller  rotation  than  the  corresponding 
compounds  of  cobadt.  This  brief  summary  will  suffice  to  show  the  far- 
reaching  character  of  Werner's  recent  work.  If  full  justification  for  the 
old  valence  theory  is  found  in  the  development  which  through  it  organic 
chemistry  was  enabled  to  make,  certainly  Werner's  theory  is  well  justified 
by  the  order  it  has  already  brought  into  the  field  of  the  complex  com- 
pounds of  inorganic  chemistry.  In  this  connection  mention  should  be 
made  of  the  work  of  Rosenheim  (Ibid.,  p.  1865)  on  the  nitrito-cobaltites 
(cobalti-nitrites).  Some  time  since,  Hofmann  and  Buchner  prepared  a 
salt  with  the  anion  Co(OH),(N02)„  which  should  show  stereoisomerism, 
according  as  to  whether  three  similar  groups  are  at  the  three  comers  of 
one  face  of  the  octahedron  or  not.  By  treating  Na,Co(N02)B  with  guani- 
dinium  carbonate,  there  crjrstallize  out  at  ordinary  temperature  large 
garnet-red  crystals  of  (CN,Hj)8.(Co(OH)8(N02)8).  From  the  mother 
liquor  are  obtained  dark  brick-red  needles  of  the  same  composition,  but 
which  differ  in  solubility  and  in  various  precipitation  reactions.  In  all 
probability  they  are  the  two  stereoisomers  called  for  by  theory.  Numerous 
other  salts  of  the  trihydroxy-trinitrito  series  were  prepared,  as  well  as  the 
strontium  salt  of  the  dihydroxy-tetranitrito  series.  By  the  action  of 
metal  acetylacetonates  on  the  hexanitrito  salt  a  series  of  diacetylacetono- 
dinitrito  compounds  was  formed,  where  the  coordinated  group  contains 
four  negative  groups,  Co(C5H702)3(N02)2. 

In  his  investigations  upon  platinum  Wohler  (Z.  Chem.  Ind,  KoUoide, 
7,  243)  has  found  the  most  sensitive  reagent  for  platinum  to  be  SnCl,, 
which  gives  a  red  coloration  to  the  solution  unless  very  dilute,  in  which 
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case  the  color  is  yellow.  In  this  way  it  is  possible  to  detect  io~^  grams 
platinum  in  i  cc.  solution.  This  coloration  is  due  to  colloidal  platinum, 
which  is  held  in  this  condition  by  the  presence  of  protective  coQoids  re- 
stxlting  from  the  hydrolysis  of  SnCl,.  It  can  also  be  produced  by  other 
reducing  agents,  as  with  ethereal  phosphorus,  in  the  presence  of  gelatin 
as  protective  colloid.  On  standing  it  goes  over  into  a  coarse  brown 
colloid.  The  chocolate-brown  precipitate  in  the  red  solution  by  the 
presence  of  the  hydrolytic  products  of  the  SnCl4  formed  in  the  reaction 
is  not  a  compound,  but  a  mixture  of  platinum  metal  with  stannic  acid, 
analogous  to  the  gold  purple  of  Cassius.  It  is  soluble  (as  appears  to  be 
the  case  with  purple  c^  Cassius)  in  acetic  ester  and  in  ether.  With  the 
bromides  of  platinum,  stannous  bromide  causes  a  similar  reaction. 
Wohler  also  finds  that  the  red  coloration  formed  when  stannous  nitrate 
is  added  to  silver  nitrate  (Ditte's  reaction)  is  due  to  the  formation  of  an 
analogous  silver  "purple." 

In  connection  with  the  work  of  Gutbier,  already  mentioned,  he  has 
prepared  a  larg^  number  hexachloroplatinates,  ruthenates  and  osmates, 
and  hexabromoplatinates,  of  organic  bases,  both  of  the  aliphatic  and 
aromatic  series  (Ber.,  43,  3228,  3234;  44,  306,  308).  The  hexachloro- 
mthenates  are  not  formed  by  double  decomposition  from  the  alkali 
sdts,  as  is  the  case  with  compounds  of  this  type  from  the  other  platinum 
oietals,  but  are  formed  by  the  interaction  of  the  organic  base,  the  penta- 
cfalororuthenite  (M'^RuCl^)  and  chlorine.  On  the  other  hand  the  sdkali 
salts  of  the  hexachlororuthenate  (M',RuCle)  cannot  be  formed  directly 
bom  the  pentachlororuthenite  by  the  action  of  chlorine  or  any  other 
oxidizing  agent.  The  explanation  of  this  anomaly  appears  to  the  writer 
to  rest  in  the  fact  that  in  the  presence  of  organic  substances  the  penta- 
cfalororuthenites  are  converted  into  the  aquopentachlororuthenates, 
M'2Ru(H30)Cl,,  and  that  by  the  action  of  chlorine  the  water  in  these  last 
salts  is  exchanged  for  CI,  giving  the  normal  hexa-salts.  This  explains 
why  the  earlier  workers  on  these  salts,  especially  Claus  and  Joly,  failed 
to  prepare  the  hexachlororuthenates.  Gutbier's  success  in  preparing 
the  hexachlororuthenates,  so  many  of  which  he  has  described,  is  due 
to  the  fact  that  in  the  presence  of  the  organic  bases  with  which  he  worked, 
the  penta-salt  was  converted  into  the  aquopenta-salt,  which  readily 
unites  with  chlorine,  giving  the  hexa-salts.  Several  additional  papers 
have  appeared  from  Del^pine  {Campi.  rend.,  151,  878;  152,  1390,  1589; 
153,  60;  BuU.  soc.  chim.,  [4]  g,  710,  771)  on  irido-disulfates,  especially 
in  coimection  with  the  action  of  pyridine.  Unlike  the  stronger  bases, 
pyridine  seems  to  have  no  action  on  the  iridodisulfates,  but  on  standing, 
or  more  rapidly  by  heating,  there  takes  place  an  externally  almost  un- 
noticeable  change,  resulting  in  the  formation  of  a  salt  of  pyridino-irido- 
disuKuric  add,  ((SOJa.Ir.(C,HgN)OH).H,.  This  forms  crystalline  salts 
with  many  inorganic  bases;  in  these  salts  not  all  thecationic  hydrogen  is 
replaced,  as  is  also  the  case  with  the  original  irido-disulfuric  acid. 
Pyridine  is  found  further  to  react  with  the  aquopentachloroiridates, 
M',Ir(H,0)Cl8,  the  water  being  replaced  by  pyridine,  giving  pyridino- 
diloroiridates,  M',Ir(C5H,N)CI,.  With  the  hexachloroiridites,  M',IrCl„ 
the  same  compound  is  formed,  in  this  case  one  chlorine  atom  being  re- 
placed and  the  valence  of  the  coordinated  group  reduced  from  three  to 
two.  If  the  solution  obtained  by  the  action  of  chlorine  on  ammonium 
hexachloroiridate,  (NH  J,IrCl«,  is  evaporated,  a  black  deliquescent  crystal- 
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line  mass  is  obtained,  HjIrCle  4-  6HjO.  On  slow  heating  this  loses  both 
water  and  HCl,  but  it  was  not  found  possible  to  obtain  either  IrCl^  or 
IrClg.  Further  work  on  iridium  has  been  done  by  Duff  our  (CompL  rend., 
152,  1393,  1591).  By  treating  sodium  hexachloroiridate  with  sodium 
oxalate,  the  oxalato-tetrachloroiridite,  Na,.IrCl4(C304),  is  formed.  On 
treating  the  silver  salt  with  HCl,  the  free  acid  is  obtained.  On  heating, 
this  decomposes  into  tetrachloroiridous  add,  H.IrCl4,  of  which  several 
salts  were  formed.  From  the  silver  salt  of  tri-oxalatoiridous  add  by  HCl 
the  free  add  is  formed,  which  gradually,  by  reversible  reaction,  goes  over 
into  diaquo-dioxalatoiridous  acid,  Hs.IrCCjOJ,  +  2H2O  "T"*"  H-IrCHjO),* 
(CjO^),  4-  H3C2O4.  From  the  potassium  salt  by  the  action  of  KOH  there 
is  formed  a  hydroxy-aquo  salt,  K3.Ir(OH)(H30)(Ca04),.  On  half  neu- 
tralizing the  free  acid  from  this  salt  by  KOH  there  is  obtained  an  add 
salt,  KH.Ir(OH)(H30)(C204)2,  which  is  an  isomer  of  the  potassium  salt 
of  the  (monobasic)  diaquo  salt,  K.Ir(H30),(C,04),,  above. 

The  fact  that  the  best  determinations  of  the  atomic  wdght  of  argon 
place  it  above  that  of  potassium  instead  of  below,  as  seerris  to  be  required 
by  the  periodic  system,  has  led  many  to  believe  that  ordinary  argon 
contains  similar  elements  of  higher  atomic  weight.  Fischer  and  Proboese 
(Ber,,  44)  92)  have  tried  to  solve  the  problem  by  the  fractional  crystalliza- 
tion of  argon,  using  liquid  air  of  different  compositions  as  cooling  agent, 
and  an  apparatus  of  their  own  devising  for  separating  the  crystals  from 
the  mother  liquor.  They  find,  however,  no  sign  of  resolution  of  argon 
into  components,  all  fractions  having  the  same  density,  representing  the 
atomic  weight  of  39.9. 

No  attempt  can  be  made  here  to  review  the  work  that  has  been  done 
the  past  year  on  the  radioactive  elements,  except  to  note  that  radium 
emanation,  under  the  name  of  niton  (Nt),  has  taken  its  place  with  some 
definiteness  in  Group  VIII  as  the  highest  member  of  the  He,  Ne,  Ar, 
Kr,  Xe  series,  with  an  atomic  wdght  of  223,  and  to  call  attention  to  two 
cases  of  the  influence  of  niton,  the  one  on  atomic  and  the  other  on  molec- 
ular reaction.  In  1909  Ramsay  announced  that  by  the  action  of  radium 
emanation  on  a  solution  of  thorium,  carbon  dioxide  appeared  to  be  formed 
and  that  it  seemed  possible  that  under  this  influence  carbon  was  a  de- 
composition product  of  thorium.  This  was  called  in  question  by  Hersch- 
finkel  (Compt.  rend.,  153,  255),  who  on  repeating  Ramsay's  experiments 
failed  to  get  the  same  results,  and  attributed  the  carbon  dioxide  to  the 
presence  of  oxalic  acid  in  Ramsay's  thorium.  The  latter  has  again  de- 
scribed his  work  (Ibid.,  p.  373)  and  the  precautions  taken.  No  oxalic  acid 
could  have  been  present;  thorium  nitrate  without  niton  gave  no  CO,, 
nor  did  bismuth,  mercury  or  silver  nitrate  under  the  same  conditions 
give  with  niton  any  CO,.  It  seems  probable  therefore  that  the  carbon 
actually  arose  from  the  decomposition  of  thorium  under  the  influence  of 
niton.  The  other  case  is  a  study  by  Lind  (Le  Radium,  8,  289)  of  the 
influence  of  radium  upon  the  equilibrium  H,  +  Br,  "7"^  2HBr.  No  de- 
composition of  hydrogen  bromide  could  be  detected  in  37  days,  but  in  the 
system  H^Br,,  in  14  days  2.6%  of  HBr  had  been  formed.  It  is  obviously 
impossible,  starting  from  a  definit  amount  of  niton,  to  reach  an  equilib- 
rium, since  the  decomposition  of  the  niton  has  a  higher  velodty  than  that 
of-  the  chemical  reaction.  No  acceleration  of  the  reaction  due  to  the 
niton  could  be  detected  at  higher  temperatures.  The  decomposition  of 
anhydrous  liquid   HBr,   on  the  other  hand,   was  decidedly  hastened. 
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Aqueous  solutions,  both  of  the  acid  and  of  its  salts,  were  rapidly  de- 
composed by  the  emanation,  the  concentrated  more  rapidly  than  the 
dilute,  but  the  increased  velocity  was  not  proportional  to  the  concentration 
and  is  clearly  influenced  by  secondary  reactions. 

In  conclusion,  allusion  should  be  made  to  three  new  attempts  to  pre- 
pare periodic  tables  which  shall  prove  more  satisfactory  than  that  of 
Mendel^eff,  or  others  now  in  use.  These  are  respectively  by  Schmidt 
(Z,physik.  Ckem.,  75,  651),  Emerson  (Am.  Chem.  J.,  45,  160)  who  pro- 
poses a  "Helix  chemica/'  and  Van  den  Broek  {Physik,  Ztschr,,  12,  490), 
in  whose  table  each  group  has  three  series  instead  of  two,  and  which  is 
based  on  "  ideal"  atomic  weights,  which  often  differ  to  the  extent  of  several 
units  from  those  which  have  been  experimentally  determined. 

WASHINGTOIff  AND  LSK  UNIYBRBITT. 
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Anthr^nilic  acid  reacts  with  aromatic  aldehydes  with  the  formation  of 
benzylidene  derivatives.  These  derivatives  react  with  acetic  anhydride, 
|ivmg  a  series  of  oxazines.  The  reaction  probably  passes  through  an 
intermediate  stage  in  which  a  molecule  of  the  benzylidene  derivative 
adds  a  molecule  of  acetic  anhydride  thus : 

>v^^yCOOH  >.     .COOH 

4   (CHjCOjO^I       1  O.COCH, 


.     \'^N  =  CH.C.H4  ^^^'^N— CH.C,H5 

COCH, 

Heating  splits  off  a  molecule  of  acetic  acid  thus, 

CO  CO 


O.COCH, 


I  t    CHgCOOH, 


N CH.CjHj  N 

I  I 

COCH,  COCH, 

giving  an  acetketodihydrobenzmetoxazine.^ 

The  reaction  seems  to  be  general,  since  in  the  cases  tlius  far  studied 
with  aromatic  aldehydes,  the  condensation  takes  place  with  ease.  This 
paper  will  deal  with  the  oxazines  obtained  from  benzylidene,  metanitro- 
benzylidene,  paranitrobenzylidene,  paraoxybenzylidene,  salicylidene, 
and    vanillylidene    anthranilic    acids.      These  oxazines    are    colorless, 

'  The  Badische  Anilin  und  Soda  Fabrik  has  patented  a  process  for  making  a  series 
of  compounds  containing  the  metoxazine  ring,  abstracts  of  which  are  given  in  the 
Chem.  ZentraiblaU,  igio,  I,  308,  309,  1564;  igii,  I,  853. 
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crystallin  solids,  with  the  exception  of  the  one  from  vanillin,  which  is 
straw  colored,  and  are  very  stable,  requiring  boiling  with  acids  or  alka- 
lis to  affect  decomposition.  The  compounds  obtained  from  meta-  and 
paranitrobenzylidene  anthranilic  acid  may  be  boiled  with  concentrated 
sodium  hydroxide  with  only   slight  decomposition. 

Just  as  this  paper  was  being  finished,  we  noted  an  abstract  of  a  paper 
by  Wolf,^  in  which  he  describes  the  benzylidene  derivatives  (except  that 
from  vanillin)  from  which  we  have  made  our  condensation  products. 
Since  the  methods  of  preparation  are  different,  we  are  also  including  them 
in  this  paper. 

The  constitution  of  the  condensation  product  from  benzylidene  anthra- 
nilic  acid  and  acetic  anhydride  was  proved  from  the  decomposition  prod- 
ucts obtained  when  it  was  heated  with  strong  hydrochloric  acid.  Benzal- 
dehyde  was  given  off  and  a  crystallin  substance  separated  out,  which 
proved  to  be  acetanthranilic  acid,  melting  at  185°.  The  decomposition 
evidently  takes  place  as  follows : 

COOH 


>v.COOH 


:CH.C,H5 


4-  CeH^CHO. 


\/\nhcoch. 


u 


COCH, 
The  compound  therefore  is  phenylacetketodihydrobenzmetoxazine. 

In  the  condensation  products  from  /)-hydroxybenzylidene  and  salicyli- 
dene  anthranilic  acids,  it  was  foimd  that  the  hydrogen  of  the  hydroxyl 
group  had  been  replaced  by  acetyl,  thus : 

CO 

yCH^        ^O.COCH,  and 

N 

I 
COCH, 

Experimental  Part. 

Benzylidene  Anthranilic  Acid. — One  gram-molecule  of  anthranilic  acid 
in  benzene  solution  was  heated  with  i  gram-molecule  of  benzaldehyde 
imder  reflux  on  the  water  bath.  A  little  animal  charcoal  was  added, 
and  the  solution  filtered.  Light  straw-colored  needles  separated  out  on 
cooling.  These  were  contaminated  with  a  small  amount  of  anthranilic 
acid,  so  that  several  recrystallizations  from  benzene  were  necessary  to 
obtain  the  substance  pure.     Melting  point,  126°. 

Calculated  for  C,4H„N0,:  N,  6.22.     Pound,  6.52. 

Phenylaceikeiodihydrobenzmetoxazine. — Benzylidene  anthranilic  add  was 
heated  in  an  Erlenmeyer  flask  with  an  excess  of  acetic  anhydride  for  4 

*  Monatshefi,  31,  903-16. 
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hours  on  the  water  bath.  By  means  of  a  bent  glass  tube  connected  with  a 
suction  pump,  the  vapors  of  acetic  anhydride  were  drawn  off  from  the 
solution,  while  still  on  the  water  bath,  until  it  was  sufficiently  concentrated 
to  allow  the  oxazine  to  crystallize  out.  On  cooling  the  flask,  the  con- 
tents solidified.  The  crystals  were  filtered  o£f,  pressed  out  on  a  porous 
plate,  and  recrystallized  from  methyl  alcohol.  Colorless  prisms,  soluble 
in  the  ordinary  organic  solvents.     Melting  point  io8^. 

Calculated  for  C,«Hi,NO,:    N,  5.24;  C,  71.91;  H,  4.87. 
Pound:  N,  5.50;  C,  71 .80;  H,  4.78. 

m-Niirobenzylidene  Anihranilic  Acid. — One  gram-molecule  of  anthranilic 
add  was  dissolved  in  just  enough  alcohol  to  hold  it  in  solution  when 
placed  in  a  freezing  mixture  of  ice  and  salt.  One  gram-molecule  of  pul- 
Tvized  fti-nitrobenzaldehyde  was  then  added  with  constant  stirring 
d  the  solution.  In  a  short  time,  the  tn-nitrobenzylidene  anthranilic  acid 
separated  out,  so  that  the  contents  of  the  beaker  became  solid.  The 
crystals  were  filtered  off  by  suction,  pressed  out  on  a  porous  plate,  and 
recrystallized  from  alcohol.  Light  straw-colored  needles,  soluble  in  the 
usual  organic  solvents.     Melting  point,  202^. 

Calculated  for  C|4H,^,04:  N,  10.37.     Pound,  10.76. 

m-Niirophenylacetketodikydrohemmetoxazine.  —  One  gram-molecule  of 
metanitrobenzylidene  anthranilic  acid  was  heated  with  an  excess  of  acetic 
anhydride  on  the  water  bath,  until,  in  a  short  time,  the  oxazine  crystal- 
lized out.  The  crystals  were  filtered  off  by  suction,  and  washed  with 
alcohol  and  then  ether  to  remove  the  excess  acetic  anhydride.  The 
substance  was  recrystallized  from  boiling  xylene.  Thick,  colorless  crys- 
tals, insoluble  in  the  ordinary  organic  solvents,  soluble  in  hot  xylene. 
Melting  point,  192**. 

Calculated  for  Q^fi^^fi^:  N,  8.98;  C,  61.51;  H,  3.80. 
Pound:  N,  9.05;  C,  61 .30;  H,  3.98. 

p-Nitrobenzylidene  Anikranilic  Acid. — ^^-Nitrobenzylidene  anthranilic 
add  was  prepared  in  the  same  manner  as  the  corresponding  m^ta  product. 
Straw-colored  needles,  soluble  in  the  ordinary  organic  solvents.  Melt- 
ing point,  164°. 

Calculated  for  C^fi^Jtffi^i  N,  10.37.     Pound,  10.68. 

p-Niirophenylacetketodihydrobenzmetoxazine. — This  oxazine  was  prepared 
in  exactly  the  same  manner  as  that  from  metabenzylidene  anthranilic 
acid.  The  oxazine  crystallized  out  from  the  acetic  anhydride  solution 
in  silky  white  needles,  which  were  filtered  off  by  suction,  washed  with 
alcohol  and  then  with  ether,  after  which  treatment  they  were  found  to  be 
pure.    Insoluble  in  the  ordinary  organic  solvents.    Soluble  in  hot  xylol. 

Melting  point,  199°. 

Calculated  for  C,eHi,N,0»:  N,  8.98;  C,  61.51;  H,  3.80. 
Found:  N,  9. 19;  C,  61 .46;  H,  4. 10. 
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p'Oxybemylidene  AnihranUtc  Acid. — ^/>-Oxybenzylidene  anthranilic  acid 
was  made  in  alcoholic  solution  in  the  same  way  as  the  p-nilro  compound. 
This  substance  crystallized  out  in  the  form  of  lemon-yellow  needles. 
Soluble  in  the  ordinary  organic  solvents.     Melting  point,  207®. 

Calculated  for  Ci^HnNO,:  N,  5.80.   Found.  5.98. 
Aceiyl-p'Oxyphenylacetkeiodihydrobenzmetoxaztne. — ^This  compound    was 
made  in  exactly  the  same  way  as  the  preceding  oxazines.     In  this  case  the 
hydrogen  of  the  hydroxyl  group  is  replaced  by  acetyl.     Recrystallized 
from  methyl  alcohol,  it  yields  colorless  prisms.     Melting  point,  148°. 

Calculated  for  CigH^NOj:  N,  4.31;  C,  66.46;  H,  4.61. 
Found:  N,  4.68;  C,  66.11;  H,  4.94. 

Salicyltdene  Anihranilic  Acid, — Salicylidene  anthranilic  acid  was  pre- 
pared in  a  manner  analogous  to  that  of  the  other  benzylidene  products. 
Orange-red  crystals  from  alcohol.  Soluble  in  ordinary  organic  solvents. 
Melting  point,  195°. 

Calculated  for  Ci^HuNOgi  N,  5.81.   Found,  6.03. 

Acelyl'O'Oxyphenylacetketodihydrobenzfnetoxazine, — ^This  compound  was 
prepared  from  salicylidene  anthranilic  acid  in  the  same  way  as  the  pre- 
ceding oxazines.  Colorless  crystals  fi^om  methyl  alcohol.  Melting 
point,  162®. 

Calculated  for  CigHitNOs:  N,  4.31 ;  C,  66.46;  H,  4.61. 

Found:  N,  4.64;  C,  65.85;  H,  4.75. 

Vanillylidene  Anthranilic  Acid, — Equimolecular  solutions  of  anthranilic 
acid  and  vanillin  in  benzene  were  mixed.  On  standing,  lemon-yellow 
needles  crystallized  out.  Recrystallization  from  boiling  benzene  yielded 
a  product  melting  at  1 70*^. 

Calculated  for  CisH^NO^:  N,'5.i6.   Found,  5.01. 
j-Methoxy'4-oxyphenylacetketodihydrobenzmetoxazine. — ^This     compound 
was  prepared  from  vanillylidene  anthranilic  acid  and  acetic  anhydride 
in  the  same  manner  as  the  preceding  oxazines.     Light  straw-colored 
crystals,  melting  at  184°. 

Calculated  for  CigHi^NO^:  N,  3.94;  C,  64.22;  H,  4.78. 
Found:  N,  4. 19;  C,  63.94;  H»  5 -02. 

Condensation  products  from  other  benzylidene  anthranilic  acids  are 

being  prepared  and  will  be  described  in  a  succeeding  paper. 

BOULDBE.  COLOKAlW. 
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THE  ACTION  OF  ALCOHOLATES  AITD  AMINES  ON  BENZOTLISO- 

CYANCHLORIDE. 

By  Trbat  B.  Johnson  and  Lbwu  H.  Chbrnoff. 
.  Received  December  1.  1911. 

Of  the  three  <:lasses  of  acylimidocarbonates,  I,  II  and  III,  only  the 
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acylimidothio-,  II,  and  acyUmidodithiocarbonates,  III,  have  been  studied.^ 
No  representative  of  class  I — ctcylimidocarbonaies — so  far  as  the  writer 
is  aware,  has  been  described  in  the  literature.  We  shall  describe,  in  this 
paper,  a  method  of  preparing  esters  of  this  type  and  also  a  new  method 
of  synthesizing  S3rmmetrically  substituted  di-  and  tetraalkyl  guanidines, 
IV  and  V. 

yOK'  yOR'  ^R' 

RCON:C<         ,  RCON:C<         ,  RCON:C<        . 

X)R'  ^R'  >«R' 

I.  II.  III. 

(RCO  =  beozoyl  and  R^  =:  alkyl.) 

yNHR  .NR, 

HN:C<  HN:C< 

^NHR  ^NR^ 

IV.  V. 

Mustard  oils,  R.NCS,  are  attacked  by  chlorine,  with  replacement  of 

the  sulfur  atom  by  the  halogen,  forming*  isocyanchlorides  and  sulfur 

chloride.     Sell  and  Zierold,'  for  example,  showed  that  phenylisothio- 

cyanate  reacts  smoothly  with  this  halogen  in  chloroform  solution  giving 

phenylisocyanchloride,   VI,    and   represented   the   reaction   as   follows: 

C«H»NCS  -f  2CI,  =  CH4NCCI,  -f  SCV 

VI. 

This  same  chloride,  VI,  and  the  corresponding  bromide  have  also  been 
prepared  by  Nef*  by  the  addition  of  chlorine  and  bromine  respectively 
to  phenylisocyanide.  Johnson  and  Menge,^  in  1904,  examined  the  be- 
havior of  chlorine  towards  acylisothiocyanates  and  showed  that  they 
react  in  a  similar  manner  with  chlorine,  as  phenylmustard  oil,  forming 
acylisocyanchlorides.  They  prepared  in  this  manner,  benzoylisocyan- 
chloride,  VIII,  from  benzoylrhodanide,  VII.  So  far  as  the  writer  is 
aware,  this  chloride  is  the  only  representative  of  this  new  class  of  com- 
pounds, which  has  been  described  in  the  literature. 

C.H5CONCS  -f  chlorine    — ►     C^HjCONCCl,. 

VII.  vni. 

Owing  to  the  pressure  of  other  work,  the  writer  has  not  been  able, 
until  recently,  to  study  the  chemical  properties  of  this  interesting  com- 
pound. The  chloride  was  originally  prepared  by  the  chlorination  of 
benzoylisothiocyanate,  VII,  in  chloroform.  We  now  find  that  it  can  be 
obtained  more  easily  and  in  greater  yields  by  chlorinating  the  isothio- 
cyanate  in  carbontetrachloride  solution.  The  chloride  is  apparently 
more  unstable  than  the  arylisocyanchlorides.  It  is  decomposed  by  water 
with  formation  of  hydrochloric  acid,  benzamide  and  benzoic  acid.     How- 

*  Wheeler  and  Johnson,  This  Journal,  24,  190;  27,  218;  26,  408. 

*  Ber.,  7,  1228  (1874). 

'  Aim,,  270,  2S2.    Lengfeld  and  Stieglitz,  Am,  Chem.  J,,  17,  100. 

*  Am.  Chem.  /.,  32,  358. 
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ever,  if  protected  from  moisture  in  tightly  stoppered  bottles,  it  can  be 
preserved  for  months  without  decomposition. 

Benzoylisocyanchloride,  VIII,  combines  with  sodium  '  alcoholates, 
forming  representatives  of  the  hitherto  unknown  class  of  acylimidocar- 
honates,  I.  We  have  prepared  for  examination  only  two  members  of 
this  series,  viz.,  diethyl-  and  dimethylbenzoylimidocarbonates,  IX  and 
X.      They  were  formed  by  the  action  of  sodium  ethylate  and  sodium 

CeHjCON  :C<  CeH  jCON  :C< 

^OCtH^  X)CH, 

IX.  X. 

methylate   respectively  on  the  chloride.     These  esters  were  obtained 

as  colorless  oils  of  remarkable  stability  and  could  be  distilled  without 

decomposition.     They    undergo    hydrolysis   when    warmed   with    alkali 

and  hydrochloric  acid,  forming  benzoic  acid.     The  most  characteristic 

property  of  this  type  of  compounds  was  their  remarkable  stability  when 

heated  with  organic  bases.    The  acylimidothio-  and  acylimidodithio- 

carbonates,  II  and  III,  combine  easily  with  amines,  forming  acylpseudo- 

ureas  and  acylpseudothioureas,  respectively,  with  evolution  of  mercap- 

tans.^    Diethyl  benzoylimidocarbonate,  on  the  other  hand,  showed  no 

tendency  to  react  with  aniline  when  heated  with  this  reagent  at  i6o°. 

There  was  no  evidence  of  the  formation  of  benzoylphenylpseudoethylurea. 

The  same  inertness  was  also  manifested  when  the  ester  was  heated  with 

phenylhydrazine. 

Phenylisocyanchloride  reacts  with  amines  giving  tri-  and  penta-substi- 

tuted   guanidines,'   XI   and   XII.     Benzoylisocyanchloride   reacts   with 

yNHR' 
y — >     R'NH,  — ►     C^jN:C^ 


C,H5N:CC1,<^  XI. 


^NHR' 


/N(RO, 
(ROiNH     — ►     C,H5N:C< 

^N(RO, 
XII. 

bases,  in  a  perfectly  similar  manner,  forming  practically  quantitative 
yields  of  the  corresponding  acylguanidines  as  follows: 

yNHR' 

+R'NH,     — >     C,H5CON:C< 

^NHR' 
C^sCONtCCl,  XIII. 

^/N(RO, 
+  (RO,NH     — ►     CHjCON:C< 

XIV. 

These  acylguanidines,  XIII  and  XIV,  possess  basic  properties  and  form 
stable  salts  with  mineral  acids.  When  digested  with  ^kali  they  undergo 
hydrolysis  with  formation  of  the  free  guanidines,  XV,  and  benzoic  add. 

*  Wheeler  and  Johnson,  he,  cU. 

*  Loc,  cU, 
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In  fact,  the  yield  of  the  guaxudine  base  is  excellent  and  with  an  accessible 
chloride  like  benzoylisocyanchloride  we  have  a  new  simple  method  of 
preparmg  guanidines  of  these  t3rpes  easily  and  in  any  amount  desired. 

^NHR^  yNHR' 

C,H,CON:C<  -f  H,0  =  HN:C<  +  C^HjCOOH 

XV. 

Benxoylisocyanchloride  should  be  of  value  for  the  synthesis  of  8-anuno- 
purines,  XVIII,  from  orthodiaminopyrimidines,  XVI. 
HN— CO  NH— CO 


oc    c— NH,     Civ rrr — ►    90    C.NH, 

HN— C— NH, 

XVI.  I  XVII. 


►C      C— NH,      Civ >     CO     C.NHv 

I       I  +       >C:NCOC.H»  I         I  >C:NCOC,H5 

[N— C— NH.      CV  NH— C-NH/ 


NH-CO  ^ 

CO     CNHv 
I         I  >C:NH 

NH— C.NH/ 
XVIII. 

Bjq>erimeiital  Part. 

The  benzoylisothiocyanate,^  C,H,CONCS,  which  was  used  in  this 
investigation,  was  prepared  by  the  actjon  of  benzoylchloride  on  lead 
thiocyanate.  The  lead  salt  was  made  by  dissolving  lead  acetate  in  water 
and  then  precipitating  the  thiocyanate  by  addition  of  the  required  amount 
of  potassium  thiocyanate.  After  filtering  and  washing  with  water  and 
alcohol,  the  salt  was  then  thoroughly  dried  in  a  desiccator  over  concen- 
trated sulfuric  acid.  For  the  preparation  of  the  rhodanide,  65  grams  of 
the  thiocyanate  were  suspended  in  100  cc.  of  dry  benzene,  55  grams  of 
benzoylcfalcnide  added  and  the  mixture  was  digested  in  an  oil  bath  at 
1 10-120®  for  one  hour.  The  jrield  of  rhodanide  is  diminished  by  too  long 
digestion  and  by  heating  at  a  higher  temperature.  After  cooling,  the 
lead  chloride  and  excess  of  lead  thiocyanate  were  separated  by  filtration, 
the  excess  of  benzene  evaporated  in  a  pa^al  vacuum  and  the  rhodanide 
then  purified  by  distillation  imder  diminished  pressure.  The  3rield  of 
pure  rhodanide  was  30  grams. 

BemoyUsocyanchhride,  C^HjCONCClj. — ^This  compound  has  been  de- 
scribed in  a  previous  publication  from  this  laboratory.'  It  was  prepared 
by  the  action  of  chlorine  on  benzoylisothiocyanate  in  chloroform  solu- 
tion. We  now  find  that  it  is  formed  far  more  smoothly  by  chlorination 
of  the  isothiocyanate  when  dissolved  in  carbontetrachloride.  Thirty 
grams  of  benzoylisothiocyanate  are  dissolved  in  at  least  3  volumes  of 
anhydrous  carbontetrachloride  and  the  flask  connected  by  a  3-way  tube 
with  a  return  condenser.  The  flask  is  then  coxmected  with  a  chlorine 
bomb  and  chlorine  passed  into  the  solution  at  o^  for  4  hours  and  the 

*  Miquel,  Ann.  ckim,  phys.,  [5]  iX|  300. 
'  Jolunon  and  Meiige»  loc,  cU, 
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solution  then  allowed  to  stand  for  2-3  days.  Under  these  conditions 
a  red  liquid  is  obtained  in  which  is  usually  suspended  a  small  amount 
of  amorphous  material.  After  filtering,  the  excess  of  carbontetrachloride 
and  sulfur  chloride  is  then  evaporated  in  a  vacuum  and  the  isocyanchloride 
finally  purified  by  distillation  under  diminished  pressure.  The  yield 
was  25.0  grams.  This  3deld,  however,  is  greatly  diminished  if  precautions 
are  not  taken  throughout  the  experiment  to  exclude  all  moisture.  The 
chloride  obtained  in  4  different  experiments  distilled  as  follows:  150- 
160®  at  20-30  mm.,  170-175 **  at  53  mm.,  178-185®  at  56  mm.  and  115- 
121°  at  20  nrni. 

/OC,H, 
Diethyl  Benzoylttntdocarbonate,  C^HgCON  :  C<r  . — ^This  ester  was 

prepared  by  the  action  of  benzoylisocyanchloride  on  sodium  ethylate. 
Four  and  six-tenths  grams  of  sodium  were  converted  into  dry  sodium 
ethylate  and  the  latter  suspended  in  200-300  cc.  of  anhydrous  ether. 
The  required  amount  of  benzoylisocyanchloride  was  then  carefully  added 
and  the  mixture  digested  on  the  steam  bath  until  the  pungent  odor  of 
the  isocyanchloride  entirely  disappeared  (6-8  hours).  After  filtering 
from  sodium  chloride,  the  ethef  was  evaporated  and  the  carbonate  dis- 
tilled under  diminished  pressure.  It  boiled  at  93-100®  under  20  mm. 
pressiu"e  and  at  1 10-126®  imder  32  mm.  pressure.     Anal3rsis  (Kjeldahl): 

Calculated  for  C^Jti^fi^:  N,  6.31.    Pound,  6.5. 

Dimethyl  Benzoylimidocarbonate,  CJtL^CON  :  CCOCH,),,  was  prepared 
in  a  similar  manner  as  the  above  ethyl  ester  by  the  action  of  the  isocyan- 
chloride* on  dry  sodiummethylate.  It  was  obtained  as  a  colorless  oil, 
which  distilled  at  95-102®  at  20  mm.  pressure. 

Hydrolysis  of  Diethyl  Bemoylimidocarbonate  with  Alkali, — One  gram  of 
the  ester  was  warmed,  on  the  steam  bath,  with  50  cc.  of  a  10%  potassium 
hydroxide  solution  until  it  dissolved.  After  cooling  and  acidifying  with 
hydrochloric  acid,  pure  benzoic*  acid  separated  and  melted  at  120®. 

The  Action  of  Benzoylisocyanchloride  on  Amines y 

CI  NHR 

C^H^CONC/      +  4H,NR  =  C^H^CON  :  c/  +  2RNH,.HC1. 

^Cl  ^NHR 

— ^This  chloride  reacts  violently  with  bases  forming  the  benzoyl  derivatives 
of  dialkyl  guanidines.  Dilution  of  the  reagents  witli  an  inert  solvent  is 
necessary  in  order  to  obtain  smooth  reactions.  The  general  procedure 
was  to  dissolve  the  base  in  dry  benzene  and  then  add  this  solution 
cautiously  to  a  benzene  solution  of  the  chloride.  There  was  usually  an 
immediate  reaction,  with  evolution  of  much  heat  and  the  free  acylguani- 
dine  and,  in  some  cases,  its  hydrochloride  separated  at  once  in  crystalline 
form.     After  digestion  for  2-3  hours  to  complete  the  reaction  the  benzene 
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was  evaporated  and  the  compound  purified  by  reaystaUizatkm  from  a 
suitable  solvent. 

i,3'Diphenyl-2'bemoylguanidine,  QH^CON  :  C(NHC,H,),.— This  com- 
poond  was  prepared  by  dissolving  9.2  grams  of  aniline  in  30  cc.  of  benzene 
and  adding  slowly  to  a  solution  of  5.0  grams  of  benzoylisocyanchloride 
in  50  cc.  of  benzene.  After  warming  4.5  hours  on  the  steam  bath  and 
cooling,  an  insoluble,  colorless,  crystalline  substance  was  obtained.  This 
was  identified  as  a  mixture  of  aniline  hydrochloride  and  the  hydrochloride 
ci  the  acylguanidine.  This  material  was  washed  with  cold  water  to  re- 
move the  aniline  hydrochloride  and  the  hydrochloride  of  the  acylguanidine 
purified  by  crystallization  from  95%  alcohol.  It  separated,  on  cooling, 
m  needles,  which  melted  at  212^  with  decomposition. 

Nitrogen  (Kjeldahl)— Calculated  for  C^,tON,.HC1:  N,  11.90.  Pound,  11.70. 

The  benzene  filtrate  above  was  concentrated  and  coo)ed,  when  the 
free  guanidine  deposited.  It  dissolved  in  boiling  95%  alcohol  and  sepa- 
rated on  cooling  in  prisms,  which  melted  at  104^  to  an  oil.  Analysis 
(Kjddahl) : 

Calculated  for  C,^yON,:  N,  13.33.    Pound,  13.30. 

Hydrolysis  of  i  ,3-Diphenyl'2'benzoylguanidtne. — This  guanidine  is  very 
stable  in  the  presence  of  hydrochloric  acid.  Three  grams  of  the  base 
were  digested  with  50  cc.  of  dilute  hydrochloric  acid  for  2  hours  and  the 
solution  then  evaporated  to  dryness.  On  crystallizing  the  residue  from 
95%  alcohol  the  hydrochloride  of  the  unaltered  benzoylguanidine  was 
obtained  and  it  melted  at  209-210®  with  effervescence.  One  and  five- 
tenths  grams  of  the  benzoylguanidine  were  digested  with  50  cc.  of  a  15% 
solution  of  potassium  hydroxide  for  2  hours  and  the  solution  then  evapo- 
rated to  dryness.  The  residue  obtained  was  then  triturated  with  cold 
water  to  remove  the  alkali  and  the  undissolved  material  purified  by 
crystallization  from  boiling  95%  alcohol.  On  cooling,  diphenylguanidine 
separated  and  melted  at  146-148''. 

Calculated  for  C„Hj^,:  N,  19.90.    Pound,  19.81. 

i^'DirO'tolyl'2'ben2oylguantdine,  CeHjCON  :  C(NHC,H^.CH,)j.— From 
orthotoluidine  and  benzoylisocyanchloride.  It  crystallized  from  95% 
alcohol  in  flat  prisms,  which  melted  at  126°. 

Calculated  for  CaHnON,:    N,  12.24.    Pound,  11.84. 
i,3-Dirm'U)lyl'2'bemsoylguanidine,  CeH^CON  :  C(NHC,H,.CH,)2.— From 
*t-toluidine  and  benzoylisocyanchloride.     It  is  soluble  in  boiling  benzene 
and  separates  from  a  hot  95%  alcohol  solution  in  needles,  which  melt 
at  177-178°. 

Calculated  for  CmH,|QN,:    N,  12.24.    Pound,  12.30. 
Di-m-iolylguanidine,  HN  :  CCNHCeH.CH,),.— A  quantitative  yield  of 
this  base  was  obtained  by  hydrolysis  of  the  preceding  benzoyl  derivative 
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with  potassium  hydroxide.     It  was  purified  by  crystallization  from  95% 
alcohol  and  melted  at  108-109°  to  a  dear  oil.  i 

Calculated  for  C,5Hi«N,:    N,  17.56.     Found,  17.71. 
i,3-Di'p'tolyl'2-benzoylguamdine,     CeHjCON  :  CCNHCeH^CH,),.— From 
^toluidine  and  benzoylisocyanchloride.     It  crystallized  from  benzene 
in  rhombic  prisms,  which  melted  at  190°. 

Calculated  for  CbH^iON,:    N,  12.24.    Pound,  13.40. 
Hydrochloride,  C3|jH2,ONg.2Ha. — ^This  salt  is  very  soluble  in  alcohol 
and  crystallizes  from  benzene  in  prisms,  which  melt  at  190-191°  with 
decomposition. 

Calculated  for  CttH,iON,.2Ha:    N,  10.09.    I^ound,  10.01. 
Benzoyltetraph^nylgtuintdine,  C^HfiO^  :  CfNCC^Hg),],. — ^From  diphenyl- 
amine  and  benzoylisocyanchloride.    This  was  obtained  as  a  colorless 
solid  which  crystallized  from  95%   alcohol   in  prismatic  crystals.     It 
melted  at  142-144°. 

Calculated  for  C^H^ON,:    N,  8.99.     Found,  8.66. 

i,3'Dim€thyl'i,3'diphenyl'2-benzoylguanidine, 
CjHjCON  :  C[N(CH3)C,Ha],.— From    monomethylaniline    and    benzoyl- 
isocyanchloride.     It  crystallized  from  95%  alcohol  in  well-developed 
rhombic  prisms,  which  melted  at  135°. 

Calculated  for  C^^ON^:    N,  12.24.     Found,  12.00. 
J ,3'Dt'p'anisyl'2-benzoylguanidine,        CJ^fiON  :  CCNHC^H^OCH,),. — 
From  paraanisidine  and  benzoylisocyanchloride.     It  crystallized   from 
alcohol  in  needles,  which  melted  at  128°  to  an  oil. 

Calculated  for  CnHftOsN,:     N,  11.20.     Found,  11.09. 
Di'p-arUsylguanidine,    HN  :  CCNHCeH^OCHa)^.— Separated    from    hot 
alcohol  in  flakes,  which  melted  at  153°. 

Calculated  for  CjiIIitO^,'     N,  14.91.     Found,  14.87. 
1 ,3'Di'P'naphthyl'2'benzoylguarMine,  CeHjCON  :  CCNHCiflH,),. — From 
/}-naphthylamine    and    benzoylisocyanchloride.     This    base    crystallized 
from  alcohol  in  prisms,  Vrhich  melted  at  162°. 

Calculated  for  C„H„ON,:    N,  10.07.     Found,  10.04. 

Di'P-naphthylguanidine,  HN  :  CCNHQoH^),. — ^A  quantitative  yield  of 
this  guanidine  is  obtained  by  hydrolysis  of  the  above  benzoyl  compound. 
It  melted  at  197®,  with  slight  effervescence. 

Calculated  for  C„H,yN,:    N,  13.50.    Found,  13.61. 
Nbw  Havbn.  Conn.,  Nov.  28.  1911. 
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292y3-TRIMETHYLPENTANE. 

By  Latham  r^^»F»  and  WBBSTBit  Nbwton  Jonbs. 
Reoeived  December  2.  1911. 

The  hydrocarbons  of  the  formula  CgHj,  have  been  a  subject  of  study 
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in  this  laboratory  for  some  years,  ^  and  in  furtherance  of  this  study,  the 
synthesis  and  determination  of  the  properties  of  3,2,3-trimethylpentane, 
(CH,)jCCH(CH,)CH,CH„  have  been  taken  up.  This  octane  is  the  first 
to  be  made  in  this  laboratory,  containing  a  quaternary  carbon  atom. 
But  one  other  octane  containing  a  quaternary  carbon  atom  has  hitherto 
been  synthesized  and  that  is  2,2,3,3-tetraniethylbutane,  or  hexamethyl 
ethane,  which  contains  two  quaternary  carbon  atoms  and  was  prepared 
by  Henry.* 

The  literature  records  but  three  other  paraffin  hydrocarbons,  with 
similar  quaternary  arrangements,  viz.,  2,2-dimethylpropane,'  3.3- 
dimethylbutane^  and  3,3-dimethyl  pentane.' 

Like  all  the  other  octanes  as  yet  synthesized  in  this  laboratory,  2,2,3* 
trimethylpentane  is  a  liquid.  It  boils  at  1 10.5-110.8^  at  760  mm.  pres- 
sure, and  has  at  15°  the  specific  gravity  0.7219,  compared  to  water  at 
15*^.  Henry's  2,2,3,3-tetramethylbutane  was  a  solid,  melting  at  103- 
104°  and  boiling  at  106-107°  at  765  mm. 

Special  ThMmtieaL 

The  procedure  which  seemed  most  promising  for  the  synthesis  of  2,2,3* 
trimethylpentane  and  which  was  successfully  carried  out  was  as  follows: 
Prom  aoetone  by  reduction,  pinacone  was  formed,  and  this  by  boiling 
with  dilute  sulfuric  acid  was  rearranged  to  pinacoline.    Since  pinacoline 
is  a  ketone,  it  could  be  made  to  react  with  ethyl  magnesium  bromide 
producing  a  tertiary  alcohol,  2,2,3-trimethylpentanol-3,  which  was  con* 
verted  into  the  corresponding  carbinol  iodide  by  means  of  red  phosphorus 
and  iodine.     This  carbinol  iodide  readily  lost  the  elements  of  hydriodic 
add  on  treatment  with  alcoholic  potash,  thereby  producing  2,2-dimethyl- 
3-methene  pentane,  which  by  passing  over  finely  divided  nickel  at  160°, 
in  a  current  of  hydrogen,  was  reduced  to  the  desired  octane,  2,2,3-tri- 
methylpentane.    These  reactions  may  be  summarized  as  follows: 
CH,COCH„  acetone  — >  (CH,),C(OH)C(OH)(CH,)„  pmacone, 
— ►  (CHJjCCOCH,,  pinacoline  — ► 
(CI^)3CC(0H)  (CH,) CH,CH„  2 , 2 ,3-trimethylpentanol-3 
(CH,)5CC(I)(CH)CH,CH„  2,2,3-trimethyl.3-iodopentane 
(CH,),C— C— CHjCH,,  2,2-dimethyl-3-methcnepentane 

I 

CH, 

(CHJjC— CH(CH,)CH,CH„  2,2,3-trimethylpentane. 

^  A  r^suiii6  of  the  properties  of  normal  octane,  the  three  methylheptaaes  and  the 
four  dhnethylhezanes  is  given  in  This  Journal,  33,  520,  ei  seq.  The  description  of 
another  octane,  3-niethyl-3-ethylpentane  (or  the  old  name,  diethylisopropylmcthane), 
not  indnded  in  the  list  referred  to,  may  be  found  as  follows:  Am.  Ckem.  /.,  39,  574. 

'  Compt.  rend.,  143,  1075  (1906). 

*  Lewow,  Z.,  1870,  520;  1871,  257. 

*  Gorianow,  Atim,,  165,  107. 

*  Friedel,  Ladenburg,  Ann,,  143,  310. 


172  LATHAM  CLARK8  AND  WBBSTSR  NBWTON  JONBS. 

Experimental  Part. 

In  this  research,  acetone  was  reduced  to  pinacone  by  three  methods: 
The  first  was  the  old  procedure  of  Friedel  and  Silva,*  using  sodium  in 
the  presence  of  a  strong  solution  of  potassium  carbonate,  but  this  is  ap- 
plicable only  on. a  small  scale,  and  gives  a  small  yield,  about  io%  of  the 
theoretical.  The  second  method  was  Richard  and  Langlais'  Modifi- 
cation of  Couturier  and  Meunier's  process,'  who  employed  magnesium 
amalgam  as  the  reducing  agent.  This  did  not  prove  satisfactory  on 
account  of  the  diflSculty  of  extracting  the  pinacone  at  the  end  of  the  pro- 
cess, so  we  took  up  the  method  of  HoUeman,*  and  reduced  the  acetone 
with  magnesium  turnings  in  the  presence  of  merairic  chloride.  The 
last  method  was  very  satisfactory  and  with  certain  modifications  which 
we  introduced  was  carried  on  in  the  following  manner : 

One  himdred  and  fifty  grams  of  dry  acetone  containing  25  grams  of 
mercuric  chloride  were  gradually  added  to  25  grams  of  magnesium  turn- 
ings contained  in  a  liter  flask,  fitted  with  a  return  condenser.  After  the  active 
reaction  which  began  at  first  had  apparently  ceased,  the  mixture  was  heated 
for  two  hours  on  the  steam  bath.  The  quantitative  amount  of  water 
(37*5  grams)  was.then  introduced  and  the  heating  continued  for  an  hour. 
An  excess  of  water  had  to  be  carefully  guarded  against,  as  it  formed  a 
sort  of  emulsion  which  later  prevented  the  extraction  of  the  pinacone. 
Next  the  mixture  was  treated  with  50  cc.  of  acetone  and  heated  a  few 
moments,  then  allowed  to  stand  until  the  precipitate  settled,  when  the 
supernatant  acetone  solution  of  pinacone  was  decanted,  while  to  the 
residue  fresh  acetone  was  added,  heated  as  before,  settled,  and  the  acetone 
extract  once  more  poured  off.  This  process  of  extraction  was  repeated 
several  times  or  tmtil  the  acetone  extract  was  no  longer  colored  red. 

All  the  acetone  solutions  were  placed  together  and  fractionally  dis- 
tilled. The  portion  boiling  between  150*^  and  180°  was  mixed  with  water 
and  boiled,  then  cooled,  whereby  pinacone  hydrate,  CgHj^Oj.dH^O,  separated 
out  and  was  recrystallized  again  from  water.  Thus  the  other  substances 
formed  in  the  reduction  of  the  acetone  were  eliminated  by  the  processes 
of  distillation  and  crystallization  and  the  pinacone  hydrate  was  obtained 
in  a  pure  state.  The  yield  of  the  hydrate  was  usually  83  grams  or 
35%  oi  the  theoretical  figures  on  the  basis  of  the  magnesium. 

Pinacoline. — Although  various  acids  may  be  used  for  the  conversion 
of  pinacone  into  pinacoline,  we  found  that  the  most  satisfactory  was 
sulfuric  acid  of  a  strength  of  5%.  In  a  typical  experiment,  200  grams 
of  pinacone  hydrate  were  mixed  with  350  grams  of  5%  sulfuric  acid  and 

^  Jarkesb.,  1873,  340.  Thiele,  Ber.,  27,  455,  suggests  tiie  use  of  caustic  potash  in 
place  of  potassium  carbonate. 

*  BuU.  soc,  chim,,  [4]  7,  454  (1910).  _ 

•  Rec,  irav,  chim,  Pays-Bos.,  25,  206-7. 
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slowly  distilled.  The  pinacoline  collected  in  the  receiver  as  a  floating 
oily  layer  on  the  water,  and  was  separated,  dried  with  fused  calcium  chlo- 
ride and  distilled.  The  fraction  taken  for  the  next  reaction  boiled  at 
103-107^.  The  3rield  w^s  84  grams  crude  pinacoline,  corresponding  to 
95%  of  the  theoretical. 

2^,3-TrimeihylpefUafk}l'3,  (CH,),CC(OH)(CH,)CH,CH,.— This  carbinol 
•coataining  eight  atoms  of  carbon  was  prepared  from  pinacoline,  by  the 
Barbier-Grignard  reaction,  using  ethyl  magnesium  bromide.  In  a  typical 
experiment,  18  grams  of  magnesium  turnings  were  dissolved  in  82  grams 
of  ethyl  bromide  which  had  previously  been  diluted  with  an  equal  volume 
of  anhydrous  ether.  To  the  solution,  50  grams  of  pinacoline,  diluted 
with  one  volume  of  ether,  were  added  and  the  mixture  was  allowed  to  stand 
tvo  hours  before  decomposing  in  the  usual  manner  with  water  and  hydro- 
chloric acid.  The  ether  layer  was  removed  and  dried  over  potassium 
carbonate,  after  which  the  ether  was  distilled  off,  and  the  residue  subjected 
to  fractional  distillation.  After  four  fractionations,  34  grams  of  a  liquid 
were  obtained,  boiling  at  149-^52°  at  760  mm.  pressure.  This  was 
2,2,3-trimethylpentanol-3. 

Calculated  for  C^„0:  C,  73.85;  H,  13.60. 
Found:  C,  74.14;  H,  13.85. 

Properties:  Colorless  liquid  boiling  at  149-152*'  at  760  mm.  pressure. 
It  has  an  odor  quite  like  that  of  camphor.  It  is  immiscible  with  water 
bnt  misdble  with  the  common  organic  solvents. 

2^,3-Trimethyl^3'iodopentane,  (CH,)3C(I)(CH,)CH,CHa.— In  each  ex- 
periment, 50  grams  of  2,2,3-trimethyl-3-pentanol  were  mixed  with  8 
gnuns  of  red  phosphorus  and  treated  with  60  grams  of  iodine  in  small 
portions  at  a  time,  the  temperature  being  maintained  below  20°.  At 
the  end  of  an  hour,  the  temperature  was  raised  to  70°,  at  which  point 
it  was  held  4  hours.  After  cooling,  the  mixture  was  filtered  through 
^jas&  wool  to  remove  red  phosphorus,  washed  with  cold  water  and  con- 
verted without  further  purification  into  the  octyleue. 

2^'Dimethyl'3'methenepefUane,    (CH,),C-C-CH,CH,.— The  octyl  iodide 

li 
CH, 

of  the  preceding  paragraph  was  converted  into  2,2-dimethyl-3-methene- 

pentane  by  the  following  procedure:    One  hundred  and  seventy-three 

grams  of  octyl  iodide  were  treated  on  a  sand  bath  for  four  hours  with  a 

sdution  of  120  grams  of  potassium  hydroxide  in  600  cc.  of  alcohol.     By 

replacing  the  return  condenser  with  an  ordinary  condenser,  the  alcohol 

was  distilled  oflf  and  carried  with  it  the  octylene.     Although  the  octylene 

b(rils  slightly  above  no®,  with  alcohol  it  forms  a  soluble  binary  mixture 

boiling  at  about  80®.     By  dilution  of  the  alcohol  with  water,  the  octylene 

sepamted  as  a  floating  layer,  which  was  removed  and  dried  over  calcium 
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chloride.  The  yield  of  crude  octylene  was  67  grams.  This  was  fraction- 
ally distilled  and  finally  yielded  25  grams  of  octylene  boiling  at  110.4- 
110.8®  at  760  mm.  pressure. 

Calculated  for  C^^:      C,  85.71;  H,  14.29. 

Found:  0,85.49;  85.00;  84.72;  H,  13.27;  13.50;  H-AO. 

Properties:    Colorless,  mobile  liquid  with  a  faint  musty  odor.     Boiling 

point,  110.4-110.8®  at  760  mm.  pressure.     It  is  not  miscible  with  water,' 

but  mixes  fairly  readily  with  the  common  organic  solvents. 

2y2,3'Trimethylpeniane,    (CH,)8CH(CH,)CH3CH8.  —  The  octylene  was 

reduced  to  the  octane  by  Bedford's  modification  of  Sabatier  and  Sen- 

derens'  method,*  by  the  action  of  hydrogen  and  pure  nickel  at  160-180®. 

From  12  grams  of  octylene,  8  grams  of  octane  were  obtained,  boiling 

at  110.5-110.8**  at  760  mm.  pressure. 

Calculated  for  C^H,,:    C,  84.21;  H,  15.79. 

Pound:  C,  84.56;  84.63;  83.64;  H,  15.69;  15.60;  15.88. 

Properties:  Colorless,  very  mobile  liquid,  with  a  very  faint  odor.  Boil- 
ing point,  110.5-110.8**  at  760  mm.  presstu-e.  The  specific  gravity  at 
15®  compared  to  water  at  15*^  is  0.7219.  The  index  of  refraction  was 
determined  with  a  fine  Pulfrich  refractometer.     Np  (25*^)  =  1.4164. 

Cambuoob,  Mam. 


[Contribution  from  trb  CbbmicaIt  Laboratory  op  thb  Univsrsity  of  Illinois.] 

MOLECULAR  REARRANGEMENTS  IN  THE  CAMPHOR  SERIES.  IX. 
LAURONOLIC  ACID  AND  CAMPHOLACTONE.' 

By  William  A.  Notbs  and  Cbarlbs  B.  Burxb. 
Received  June  26,  1911. 

Two  unsaturated  adds  derived  from  camphor,  having  the  formula 
C^HijCOOH,  and  having  the  carboxyi  group  in  the  tertiary  position  are 
known. 

One  of  these  has  been  isolated  by  Bredt'  and  since  on  oxidation  it  gives 
camphoronic  add  he  has  given  to  it  the  structure 

CH, 

/ 
CH, C— COOH 

CH,— C— CH, 

CH  CH 

The  other  acid  was  first  studied  by  Fit  tig  and  Woringer.*  It  has  been 
obtained  in  two  ways:  first,  by  the  decomposition  of  bromo-camphoric 
add  anhydride  by  boiling  with  water  or  with  dilute  alkali;  second,  by  the 

*  The  exact  process  is  described  by  Clarke  and  Beggs  in  This  Journal,  34,  59. 

*  Abstract  of  a  thesis  presented  by  Charles  E.  Burke  in  pardal  fulfilment  of  the 
requirement  for  the  degree  of  Doctor  of  Philosophy  at  the  University  of  Illinois. 

'  Ber,,  35,  1286. 

*  Ann.,  aa7i  6. 
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distillatiQii  of  caxnphanic  acid,  either  alone  or  in  a  slow  current  of  carbon 
dioxide. 

Fittig  and  Woringer,  and  Asdian^  assumed  the  acids  obtained  in  these 
two  ways  to  be  identical,  since  they  gave  the  same  lactone,  hydrobromide, 
amide  and  bromolactone.  Tiemann'  noticed  that  the  two  acids  differed 
widely  in  their  effect  upon  the  rotation  of  polarized  light  and  suggested  that 
that  obtained  by  the  distillation  of  camphanic  acid  was  probably  a  mixture 
of  optical  isomers,  since  its  rotation  varied  fmm  + 1  lo^  to  + 188°  while 
that  obtained  by  the  decomposition  of  the  anhydride  gave  a  constant 
rotation  of  4- 199**  at  19**. 

That  the  add  obtained  by  the  distillation  of  camphanic  acid  is  a  mixture 
of  optical  isomers  we  have  definitely  shown  by  a  comparison  of  the  prop- 
erties of  three *acids  prepared  in  the  following  ways: 

{A)  By  the  decomposition  of  active  bromocamphoric  acid  anhydride 
with  sodium  carbonate. 

(B)  ^y  the  distillation  of  camphanic  acid. 

(Q  Prom  inactive  (artificial)  camphor  in  the  same  way  as  (A)  above. 

For  these  acids  the  following  properties  have  been  observed : 

Rotation. 

(B)  Prooi  camphanic  aeidl      <C)  Prom  inaet^rc  camphor. 
[a]p  -  +63®to +i8o*  [afc  -  o** 

Dbnsivy. 

DJ*  ■-  1.0227 

Vapor  Prbssukb. 

Temp.  V.  p. 


U)  Prom  the  active  anhydride 
ta]*-  +187.7' 


I^ 

*  —  ix)i33 

Ttmp. 

V.  p. 

184* 

100  mm. 

D 

1.47586 

C 

1.47269 

P 

1.48323 

G 

i.489<H 

I>-C 

0.00317 

C-F 

0.01054 

188' 


100  mm. 


D?*- 

1.Q318 

▼.  p. 

193* 

1-47635 

".47350 

I  '*A»379 

X. 50861 

0.00305 

0.01022 

Index  op  Rspraction. 

1-47645 

1.47349 

1.4837a 
iavisible 

DttPSBSION. 

0.00296 
0.01023 

*  Watsk  op  Crystajulization  op  Calcxum  Salt. 

3  molecules  1.3  molecules  i  molecule. 

Mbltino  Point. 
6.5*-8*« 

» Ber.,  27,  3504. 

■  /W.,  33i  3944- 

'  Professor  Bijkmami  kindly  called  our  attention  to  the  fact  that  the  pure  lauronolic 
add  can  be  obtained  in  a  crystalline  form.  In  a  private  communication  he  states  that 
lie  has  obtained  an  add  melting  at  +13^.  Dr.  Burke  has  very  carefully  repeated  the 
preparation  at  the  University  of  California  but  has  not  succeeded  in  obtaining  an  add 
with  a  higher  mdting  point  than  that  given  here.  Professor  Bijkmann's  values  for 
the  mdex  of  refraction  also  differ  sli^tly  from  ours. 
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Although  both  bromocamphoric  anhydride  and  camphanic  acid  retain 

the  gem  dimethyl  group,  Lap  worth  and  Lenton*  have  suggested  for  lauro- 

nolic  acid  the  structure 

CH, 

CH, C— COOH 

C— CH, 

II 
CH, C— CH, 

in  which  one  methyl  group  has  wandered,  giving  a  1,2,3-trimethyl  com- 
pound, as  being  more  in  accord  with  the  oxidation  products  obtained 
by  Tiemann.^  This  structure  has  also  been  suggested  by  Eijkniann' 
from  a  study  of  the  optical  properties  of  the  acid,  and  is  substantiated 
by  the  experimental  part  of  this  paper. 

By  distilling  a  mixture  of  the  calcium  salt  of  lauronolic  acid  and  soda 
lime  an  almost  quantitative  yield  of  laurolene  is  obtained  and  this  has 
been  proven  by  synthesis*  to  contain  a  1,2,3-trimethyl  group. 

If  the  methyl  group  had  not  wandered,  and  the  double  bond  were  in 
the  A'  position,  we  would  probably  have  an  acid  identical  with  the  acid 
of  Bredt*  and  which  on  oxidation  ought  to  give  camphoronic  acid. 
Oxidation  of  lauronolic  acid,  however,  gives  no  trace  of  camphoronic 
acid. 

The  dissociation  constant  of  lauronolic  acid  is  1.36  X  io~*.  That 
of  a-campholytic  acid  is  i.o  X  io~'.  Although,  the  difference  is  not 
very  great,  the  lauronolic  acid  gives  a  distinctly  higher  value  for  K,  which 
is  difficult  to  explain,  if  the  unsaturation  is  A'  in  each  case.  It  has  been 
shown*  that  in  both  open  chain  ajcid  ring  unsaturated  acids  a  A^  unsatura- 
tion invariably  gives  a  greater  dissociation  constant  than  A^  or  A'.  This 
would  indicate  that  the  double  bond  is  A^. 

The  fearrangement  which  gives  lauronolic  acid  is  exactly  parallel  with 

the  rearrangement  of  campholytic  acid  to  isocampholytic  ("isolaiu'onolic*'). 

acid,  as  is  apparent  from  the  following  formulas : 

>CH,  XO ,  >/CO,H 

CH,-C<  CH,-C< 

I  N:h,  •  \' 

C-CH, 


CH=sC-CH, 
I  /CH, 

I^CH, 
CHa— CH— CO3H 


^CH, 
I  yCH, 

I  ^CH, 
CH,— C— CO,H    CH,-C(Br)CO— I 


CH,— c/ 


CH,, 
C-CH, 


Campholytic  acid.     Isocampholytic  acid.      Bromocamphoric 

anhydride. 


CH,— C— CH, 
Lauronolic  add. 


*  Brii,  Assoc.  Report,  1900,  327.     /.  Chem.  Soc,  77,  1057;  79,  1289. 
'  Ber.,  33,  2944. 

'  Private  communication. 

*  This  Journaj;,  32,  1064. 
» Ber,,  35,  1286. 

*  Derick,  This  Journal,  32,  1339. 
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In  both  cases  a  methyl  group  in  the  jS-position  with  regard  to  carboxyl 
shifts  to  the  T-'position. 

We  may  now  distinguish,  clearly,  three  groups  of  unsaturated  acids 
having  the  formula  CsH|3C(X)H.  (i)  Campholytic  and  isocampholytic 
adds,  (2)  the  add  obtained  by  Bredt  by  the  action  of  quinoline  upon 
the  bromine  derivative  of  diphenyl  camphorate.  He  has  called  this 
isdauronolic  add  but  as  thatiiame  was  formerly  given  to  isocampholytic 
add  it  seems  best  to  drop  it  entirdy  from  use,  and  in  order  to  avoid  con- 
fusion  he  now  suggests^  that  this  add  be  called  camphonenic  add,  the 
three  following  acids  being  named  as  indicated.     (3)  The  lauronolic  adds 

CO,H  yCOja  vCOtH 

CH, C< 

CHg—C— CH,  CH,— C— CH, 

CH, CHOH  CH  en  CH, CH, 

Camphonolic  add.  Camphoneiiic  acid.  Campbonanic  add. 

whidi  have  the  methyl  groups  in  the  positions,  i  ,2,3.    These  are  the  only 

adds  of  this  formula  in  the  camphor  series,  for  which  the  structure  can 

at  present  be  considered  as  fully  established. 

Experimental  Part* 

Bromocamphoric  anhydride  and  Lauronolic  Acid. — ^The  bromocamphoric 
anhydride  was  prepared,  and  the  decomposition  into  lauronolic  add  and 
camphanic  acid  carried  out  according  to  the  method  of  Aschan.'  In 
every  case  after  extraction  with  ether  the  last  traces  of  ether  were  removed 
from  the  lauronolic  add  by  passing  a  current  of  hydrogen  for  from  thirty  to 
forty  minutes,  keeping  the  add  at  a  temperature  of  from  60-65  °  and  under 
as  low  a  pressure  as  could  be  obtained  with  a  water  pump,  usually  30-35 
mm. 

If  dried  in  a  current  of  air  or  of  carbon  dioxide,  the  product  soon  de- 
composes and  becomes  black  and  tarry.  "With  a  current  of  hydrogen, 
however,  we  have  found  that  the  drying  process  may  be  continued  in- 
definitely without  any  perceptible  decomposition  taking  place. 

One  hundred  grams  of  the  anhydride  yields  nine  to  ten  grams  of  ydlowish 
colored  add.     The  crude  acid  gave  a  rotation  [ap^  =  -f- 180°  to  + 183°. 

Purification  of  Lauronolic  Acid. — Much  difficulty  has  been  experienced 
in  obtaining  a  pure  lauronolic  acid,  owing  first  to  the  esise  with  which 
the  add  decomposed,  second  to  the  tendency  on  long  standmg  at  ordinary 
temperatures,  or  very  quickly  at  even  moderately  high  temperatures, 
to  rearrange  into  the  racemic  form.  The  add  used  in  all  of  this  work  has 
been  obtained  by  recovery  from  the  purified  calcium  salt;  the  salt  was 
decomposed  with  dilute  hydrochloric  acid  and  the  pure  lauronolic  add 
extracted  with  low-boiling  ligroin  and  dried  under  diminished  pressure 

*  Private  ooimnwiication.  • 

'  B*r.,  37i  3504.  •» 
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with  a  current  of  hydrogen  as  described  above.  The  acid  thus  obtained 
gave  a  constant  rotation  [af^  =  +187.7°. 

An  equally  pure  acid  is  obtained  by  distillation  under  diminished  pres- 
sure with  a  Geryk  pump,  if  a  sufficiently  low  pressure  can  be  obtained. 
At  a  pressure  of  Va  to  i  mm.  it  distils  constantly  at  104^. 
A  thermometer  in  the  Wood's  metal  bath  registered  113°-!  15®.  This 
acid  gave  approximately  the  same  rotation  as  that  obtained  from  the 
calcium  salt. 

Calcium  Salt  of  Lawronolic  Acid. — ^This  salt,  which  was  obtained  by 
neutralizing  the  acid  with  milk  of  lime,  is  very  difficultly  soluble  in  water, 
and  more  soluble  in  cold  than  in  hot,  so  that  it  can  be  recrystallized  only 
by  evaporating  the  solution.  On  evaporation  a  very  pure  salt  separated 
on  the  surface  of  the  solution  in  beautiful  crystals.  On  analysis  these 
were  found  to  contain  three  molecules  of  water  similar  to  the  calcium 
salt  of  Fittig  and  Woringer. 

0.3403  gram  air-dried  salt  lost  0.0330  gram  of  H,0  at  110-115^  and  gave  0.0361 
gram  CaO. 

0.3437  gram  air-dried  salt  lost  0.0333  gram  water  at  113-118°  and  gave  0.0336 
gram  CaO. 

0.2501  gram  air-dried  salt  lost  0.0336  gram  water  at  110-115®  and  gave  0.0337 
gram  CaO. 

Calculated  for  3  mols.  H,0,   13.50.  Pound:    13.73,     13.66,     13.43. 

For  the  anhydrous  salt,  Ca,   11.56.  i2-44»     11.40,     11.08,11.60. 

Bredt*  states  that  he  has  obtained  only  two  molecules  of  water  of 
crystallization,  but  our  results  show  that  the  acid  undoubtedly  contains 
three  molecules.  It  loses  a  part  of  its  water  very  readily  at  ordinary 
temperatures  and,  unless  analyzed  as  soon  as  dry,  gives  results  varying 
from  one  to  three  molecules.  A  sample  of  the  salt  which  had  been  ex- 
posed to  the  air  for  two  hours  on  a  warm  day  gave  only  6.70%  H3O. 

Crystalline  Lawronolic  Acid.-^Fittig  and  Woringer  attempted  to  crystal- 
lize lauronolic  acid  but  state  that  while  it  became  very  viscous  in  a  f  reez« 
ing  mixture  it  would  not  crystallize.  In  a  private  communication  Pro- 
fessor Eijkmann  stated  that  he  had  obtained  the  crystalline  product  and 
this  led  us  to  further  attempts,  which  were  successful. 

The  difficulty  in  getting  the  acid  in  crystalline  form  is,  evidently,  not 
on  account  of  the  low  mdting  point  of  the  substance,  but  rather  on  ac- 
count  of  the  tendency  to  supercool.  When  left  for  some  time  in  a  freezing 
mixture  of  hydrochloric  add  and  ice,  at  a  temperature  of  — 23®  to  — ^20^ 
it  became  very  viscous  but  did  not  crystallize.  With  solid  carbon  dioxide 
and  ether  it  forms  a  solid  transparent  mass,  evidently  simply  the  super- 
cooled liquid,  for  on  immersing  in  a  freezing  mixture  at  — 20°  it  partly 
melts,  then  crystallizes  into  a  solid,  white  mass. 

By  seeding  the  cooled  acid  the  crystals  were  obtained  in  beautiful 

*  /.  ^rakt,  Chem,,  83,  395  (19"). 
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rosettes  of  long,  concentric  needles;  the  center  of  the  rosette  was  slightly 
tinged  with  a  green  coloring  matter,  which  seems  to  be  characteristic 
of  these  compounds.  The  crystals  melt  at  +6.5®  to  +8°.  (See  above 
for  Professor  Eijkmann's  results.) 

Under  atmosphenc  pressure  the  acid  distils  at  230-235®,  but  the 
vapor  pressure  at  this  temperature  cannot  be  accurately  determined, 
owing  to  the  formation  of  various  oxidation  and  decomposition  products. 
At  lower  temperatures,  however,  the  vapor  pressure  has  been  accurately 
determined  by  the  method  of  Smith  and  Menzies/  using  a  bath  of  pure 
paiafiSn.    At  184®,  v.  p.  =  99-100  mm. 

The  specific  gravity  has  been  determined  by  means  of  a  small  specific 
iravity  bulb  at  various  temperatures. 

r^7.s  ^  1. 0109;   DJ^  =  1. 0133;   D\^  =  1.0249. 

The  rotation  of  the  pure  acid  varies  greatly  with  the  temperature;  the 
following  specific  rotations  have  been  observed  with  the  same  sample 
of  a  pure  acid  in  a  ten  cm.  tube. 

Temp.  [«]©.  T«mp.  [«!©.  Temp.  [«]©. 

28**  287.  X               ax*"  188.9  10^  194- 1 

25**  187.7               15*"  191-1  ^**  I99-0 

23®  188.2  11°  i93«o 

Tiemann  states  that  he  has  obtained  a  rotation  of  4- 199^  at  19**;  we  have 
not,  however,  been  able  to  obtain  as  high  a  rotation  at  that  temperature. 
The  add  recovered  from  the  purified  calcium  salt  gives  a  constant  rotSL- 

twn[aK*  ^  +187.7'*. 

The  index  of  refraction  determined  for  the  sodium  line  D,  and  the  three 
hydrogen  lines  C,  F  and  G,  gave  the  following  results:  D,  1.47586;  C, 
1.47269;  F,   1.48323;  G,   1.48904. 

The  electrical  conductivity,  determined  with  a  saturated  and  a  dilute 
solution,  gave  the  dissociation  constant  K  «=  1.36  X  io~*. 

Decomposition  of  Lauronolic  Acid  into  Lav/rolene  and  Carbon  Dioxide, — 
Blanc^  obtained  isolaurolene  from  a-campholytic  acid  by  heating  in  ai 
scaled  tube  at  a  temperature  of  340**.  Since  at  such  high  temperatures 
molecular  rearrangements  readily  occur,  this  method  would  have  no 
value  from  the  standpoint  of  structure.  We  have  endeavored  to  effect 
the  same  decomposition  by  keeping  the  acid  at  the  boiling  point.  After 
i-iVa  hours  the  acid  became  very  dark  and  somewhat  viscous,  owing 
probably  to  the  formation  of  oxidation  products,  but  no  hydrocarbon 
was  formed.  On  distilling,  all  but  a  little  resinous  material  came  over 
at  2oo**-23o'*.  A  considerable  portion  of  the  distilled  product  was  in- 
soluble in  sodium  carbonate.  On  extracting  with  ether  and  distilling 
off  the  ether  this  product  was  obtained  in  crystalline  form,  melting  at 

*  TaxS  JOTTKNAL,  33,  897. 

'  BulL  soc.  chim,,  jg,  703. 
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49^-50°,  showing  that  a  part  of  the  add  had  rearranged  into  the  iso- 
meric lactone. 

To  another  portion  of  the  pure  acid  a  little  zinc  chloride  was  added 
before  distilling.  The  larger  part  of  the  product  distilled  now  at  120®- 
125°  and  on  redistilling  came  over  constantly  at  1 20^-1 21°.  This  was 
evidently  the  hydrocarbon  laurolone.      It  gave  the  following  rotation, 

[«K^  =  —5.36. 

The  hydrocarbon  was  also  obtained  by  mixing  the  calciimi  salt  with 
soda  lime  and  distilling.  The  distillate  was  again  distilled  with  water 
vapor  and  the  hydrocarbon  separated  from  the  first  few  cubic  centimeters 
of  the  aqueous  distillate.  The  boiling  point  at  atmospheric  pressure  was 
120^-122°. 

Amide  of  Lawronolic  Acid. — ^To  a  small  portion  of  the  acid,  cooled  in  ice 
water,  one  molecule  of  phosphorus  pentachloride  was  added.  The  re- 
action was  immediate  and  somewhat  vigorous.  After  completion  the 
product  was  poured  into  ice.  water  to  decompose  the  oxychlorides,  and 
the  chloride  of  the  add  extracted  with  a  little  low-boiling  ligroin.  Con- 
centrated ammonium  hydroxide  was  added  to  this  ligroin  solution  and 
the  product  allowed  to  stand  until  it  no  longer  smelled  of  ammonia. 
It  was  then  extracted  with  ether,  the  ethereal  solution  dried  over  sodium 
sulfate,  and  the  ether  distilled  off.  A  dark,  oily  mass  remained,  which 
crystallized  after  standing  for  some  time.  On  recrystallizing  from  water 
a  very  pure  white,  crystalline  product  was  obtained,  which  melted  at  72°. 
Three  and  a  half  grams  of  the  add  yielded  a  little  over  one  gram  of  the 
amide.  This  was  evidently  identical  with  the  amide  of  Aschan,*  In 
a  ligroin   solution   (o.oi    g.   in   i    cc.)    the   amide  gave  the   rotation, 

W^'  =  +94.61. 

A  nitrogen  determination  gave  8.96%  N;  calculated  for  CjHjjCONHj, 

9.15%. 

An  attempt  was  made  to  saponify  the  amide;  0.5  gram   was  heated 

on  a  steam  bath  with  1.5  molecules  of  sodium  hydroxide,  10%  solution, 

for  four  hours.     On  addifying  and  extracting  with  ether  the  unchanged 

amide  was  recovered. 

Dihydrolauronolic  Acid. — Fittig  and  Woringer  have  prepared  the 
hydrobromide  of  lauronolic  add  and  describe  it  as  a  very  unstable  product 
which  readily  decomposes,  giving  the  unsaturated  acid  and  campholactone. 

We  have  prepared  the  hydriodide  by  passing  hydriodic  acid  gas  through 
a  ligroin  solution  of  lauronolic  add.  Twelve  grams  of  lauronolic  add 
in  solution  in  low-boiling  ligroin  were  placed  in  a  U  tube,  and  a  slow 
stream  of  hydriodic  acid  passed  in  as  long  as  it  continued  to  be  absorbed, 
usually  1V3  to  2  hours.  The  solution  was  then  placed  in  a  distilling 
bulb,  and  a  current  of  air  passed  through  at  ordinary  temperatures  until 
*  Beilstem,  Handbuch  der  orgpmschen  Chemie,  [i]  708. 
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the  ligroin  was  completely  evaporated.  The  iodide  thus  obtained  in  the 
fonn  of  yellow  plates  was  evidently  very  unstable,  since  on  standing 
it  continued  to  evolve  hydriodic  acid. 

Various  methods  of  reducing  the  iodide  thus  formed  have  been  employed 
with  varying  results.*  The  zinc-copper  couple,  magnesium  and  alcohol, 
zinc  dust  and  water  and  zinc  and  hydriodic  acid  gave  very  poor,  results. 
The  method  which  gave  the  best  results,  and  the  one  finally  adopted  was 
line  and  absolute  alcohol.  To  the  crystals  of  the  iodide  as  obtained  above 
some  zinc  dust  and  absolute  alcohol  were  added.  There  was  very  little 
evolution  of  gas  and  the  product  immediately  passed  into  solution.  After 
standing  for  a  short  time  a  few  cubic  centimeters  of  a  solution  of  hy- 
driodic acid  were  added  and  more  hydriodic  acid  was  passed  through  in 
order  that  any  lauronolic  acid  which  had  been  regenerated  during  the 
process  might  be  again  changed  to  the  hydroiodide.  Finally  some  hy- 
drochloric acid  was  added  and  a  somewhat  vigorous  evolution  of  hydrogen 
maintained  for  some  time.  After  diluting  with  water  the  dihydro  acid 
was  extracted  with  ether  and  the  recovered  acid  treated  with  sodium 
carbonate  to  remove  a  small  amount  of  lactone  which  formed.  Any 
remaining^  unsaturated  acid  was  oxidized  in  the  alkaline  solution  with 
potassium  permanganate  and  the  dihydro  acid  separated  from  the  oxida- 
tion products  by  steam  distillation. 

Twelve  grams  of  the  unsaturated  acid  gave  about  three  grams  of  the 

dihydro  compound.     Analysis: 

Calculated  f or  CsH,tCO,H:  C,  69.23;  H,  10.25. 
Found:  C,  69.03;  H,   10.24. 

Thration:  0.0588  gram  acid  required  3.85  cc.  of  o.i  N  NaOH  for  neutralization; 
cakolated,  3.83  cc. 

The  following  physical  properties  have  been  observed:  D4'''  "-  0.9008;  [a]^'"  -* 
+  1.74®;  V.  p.  at  178**  «*  ioo|nun.;  v.  p.  at  215®  —  749111m.  Index  of  refraction:  D  — 
145786;  C -"  1.45459;  F  —  1.46588;  G  =  1. 4745 1.  Dispersion:  D-C  «  0.00327; 
G-C  —  0.01993. 

The  Amide  of  Dthydrolauronoliq  Acid  was  prepared  in  the  same  way 
as  the  amide  of  lauronolic  acid.  It  is  exceedingly  soluble  in  ether  and 
has  not  been  obtained  in  sufficient  quantity  to  recrystallize.  The  crude 
product,  washed  with  ether  and  dried  on  a  porcelain  plate,  melted  at  so^'-s  i  ^. 

Inactive  Lauronolic  Acid, — ^The  starting  point  of  this  preparation  was 
artificial  camphor  obtained  from  the  Ampere  Electrochemical  Co.  of  New 
York.  The  camphoric  acid  and  bromocamphoric  anhydride  were  prepared 
in  the  same  way  as  the  active  compounds  described  above.  The  bromo- 
camphoric acid  anhydride  melted  at  214°.  Mixed  with  the  active  an- 
hydride it  melted  indefinitely  but  at  about  the  same  temperature. 

On  decomposing  with  sodium  carbonate,  inactive  lauronolic  acid  and 
inactive  camphanic  acid  were  obtained.  The  inactive  camphanic  acid 
melted  at  1 99^-200°.    The  lauronolic  acid  thus  obtained,  like  the  active 
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variety,  decomposed  when  distilled  under  ordinary  conditions;  it  was 
purified  by  means  of  the  calcium  salt  and  also  by  distilling  under  di- 
minished pressure.  The  calcium  salt  o^  the  inactive  acid  crystallizes 
with  one  molecule  of  water  of  crystallization. 

0.1385  gram  air-dried  salt  lost  0.0070  gram  H,0  and  gaveto.0311  gram  CaO. 

0.1 134  gram  air-dried  salt  lost  0.0058  gram  H,0  and  gave  0.0174  gi^^m  CaO. 
Calculated:  For  one  mol.  H2O,  4.95;  Ca  (for  anhydrous  salt),  11.56.     Found:   I,  5  05. 
11.40;  II,  5.20,  11.52. 

On  cooling,  the  acid  acts  in  the  same  way  as  the  active  variety;  on 
standing  in  a  freezing  mixture  at  — 20°  for  some  time  the  acid  becomes 
very  viscous  but  does  not  solidify.  With  solid  carbon  dioxide  and  ether 
it  forms  a  transparent  solid,  which  in  a  mixture  of  ice  and  hydrochloric 
acid  partly  melts  and  then  crystallizes.  The  crystals  melt  at  +5-8.5®. 
Vapor  pressure  at  192°  =  100  mm.  Specific  gravity  D|^  =  1.0318. 
Index  of  refraction:  D  ==  1.47655;  C  =  147350;  F  =  1.48372;  G  = 
1. 5086 1. 

Campholactone, — As  stated  above,  lauronolic  acid  readily  rearranges 
under  certain  conditions  into  the  isomeric  lactone.  Much  difficulty  has 
been  experienced,  however,  in  getting  the  lactone  in  crystalline  form  in 
sufficient  quantities  for  study.  • 

If  lauronolic  acid  is  heated  with  dilute  mineral  acid  it  chars  and  very 
little  is  obtained  from  the  product.  Fairly  good  yields  have  been  obtained, 
however,  by  allowing  the  acid  to  stand  for  12-24  hours  with  dilute  hydro- 
chloric acid  (sp.gr.  i.i)  at  a  temperature  of  40^-^0®.  The  unchanged 
acid  and  lactone  were  distilled  with  water  vapor,  the  distillate  made 
alkaline  with  sodium  carbonate,  and  the  lactone  extracted  with  ether. 
It  is  quite  soluble  in  ligroin  but  by  cooling  in  a  freezing  mixture  may  be 
readily  recrystallized  from  it.  The  pure  product  melts  at  50®.  Rotation, 
[^Id  **  =  — 21.7*^  (o.oi  g.  in  I  cc.  of  alcohol). 

The  lactone  has  been  obtained  in  various  ways  from  acids  having 
widely  differing  rotations,  but  neither  the  method  of  preparation  nor 
the  rotation  of  the  acid  from  which  it  is  prepared  has  any  influence  upon 
the  rotation  of  the  lactone.  The  lactone  from  inactive  lauronolic  acid 
has  not  been  prepared.    That  would,  of  course,  be  inactive. 

Hydroxy  Add  of  Campholactone, — ^The  lactone  described  above  readily 
dissolves  on  warming  with  barium  hydroxide,  and  the  corresponding  hy- 
droxy acid  is  precipitated  on  acidifying.  Fittig  and  Woringer  state  that 
they  obtained  the  acid  as  an  oil  which  crystallized  on  standing,  but 
by  first  cooling  in  ice  water  both  the  solution  of  the  salt  and  the  hydro- 
chloric acid,  we  obtained  immediately,* on  acidifying,  a  beautiful  crystalline 
precipitate  of  the  hydroxy  acid,  m.  p.  143®.  (Tiemann  gives  144*^-145° 
after  recrystallizing  from  water.) 

In  alcoholic   solution  (o.oi  g.  in  i    cc.)    the   acid   gave   the   rotation 
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SynAesis  of  Acetolaurolene, — Sometime  ago  Blanc  prepared  acetoiso- 
laurolene  by  Priedd  and  Crafts'  reaction  and  from  this  effected  a  synthesis 
of  isocampholytic  acid.  It  seemed  possible  that  we  might  synthesize 
lauronolic  add  by  a  similar  process  from  laurolene.  We  have  succeeded 
in  obtaining  acetolaurolene  and  its  semicarbazone,  but  have  not,  as  yet, 
succeeded  in  obtaining  from  this  the  lauronolic  add.  The  work  will 
be  continued  and  reported  in  detail  later. 

Ukbaxa,  III. 


[Contribution  itrom  thb  Havsmbysr  Laboratoribs  09  Columbia  Uniybrsity, 

No.  201.] 

RESEARCHES  ON  QUHfAZOLINES  (TWERTT-EIGHTH  PAPER). 
Oir  4-QinirAZ0L01IE-2-PHTHAL01fES  AHD  CERTAIIf 

OF  THEIR  DERIVATIVES.^ 
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Received  December  25,  1911. 

The  well-kno^vn  quinophthalones,  or  quinoline  yellow  dyes,  are  pro* 
daced  by  condensing  quinaldines  with  phthalic  anhydride,'  either  by 
the  action  of  heat  alone  or  in  the  presence  of  such  condensing  agents 
as  zinc  chloride, 

C^,N.CH,  -h  0/      NcH,  =  C^H^N.CH  :  C,0, :  CgH*  +  H,0. 

The  product  of  this  reaction  is  the  alcohol-soluble  quinoline  yellow, 
or  quinophthalone,  which  on  sulfonation  3rields  the  water-soluble  quinoline 
yellows. 

Two  formulas  naturally  present  themselves  for  quinophthalone, 

XOv  CtHeN.CH  :  C— C^. 

(I)  (11)    ~ 

In  fact,  two  isomeric  quinophthalones  are  known. 

Through  the  skilful  investigations  of  Kibner  and  his  co-workers,' 
it  has  been  proven  that  the  one  ordinarily  obtained  (m.  235^)  possesses 
fomiula  I.  To  the  isomer  (m.  186^)  is  therefore  assigned  formula  II. 
The  two  compoimds  appear  to  be  formed  in  the  reaction  by  two  distinct 
series  of  changes,^  and  neither  substance  is  to  be  regarded  as  an  inter- 

'  Read  at  the  Washington  Meeting  of  the  Society,  December  28,  191 1. 

"  Jacobsen  and  Reimer,  D.  R.  P.  No.  23188  (1882)  and  B«r.,  16,  513,  1082,  1892, 
3602  (1883).  Traub,  Ber.,  16,  297,  878  (1883).  Geigy  and  Kdnigs,  Ibid,,  18,  2407  (1885). 
Kdnigs  and  Nef,  Ibid.,  zg,  2428  (1886).  Panajotow,  Ibid.,  28, 1511  (1895);  D.  R.  P. 
N06.  23188  and  25144.     PriedlUnder,  z,  161,  162,  ettU. 

'Ann.,  3x5,  393  (1901).  Ber.,  34,  2303  (1901);  35>  1656,  2297  (1902);  3^,  i860 
(>903);  37f  3006,  3011,  3018,  3023,  3605  (1904);  38,  3353  (1905);  39»  2202,  2215,  2245 
(1906).    Chem.  Zig.,  28,  1206  (1904^     Chem.  ZentraWL,  Z905,  I,  9x0. 

*  Eibiier,  Ber.,  37,  3605  (1904);  Ckem,  Ztg.,  28,  1206  (1904)9 
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mediate  product  in  the  formation  of  the  other.  These  parallel  series 
of  reactions  lead,  in  the  one  case,  to  the  formation  of  an  alkine  addition 
product  which  then  passes  into  the  xmsynmietrical  phthalone  by  loss 
of  water;  in  the  other  case,  to  a  quinolylacetophenone-o-carbonic  acid 
which  yields  the  symmetrical  phthalone  by  loss  of  water.  Both  phthalones 
give  with  sodium  ethylate  the  same  red  sodium  salt,  which  with  dilute 
acid  yields  the  symmetrical  phthalone  (m.  235**).  This  conversion  of 
the  unsymmetrical  into  the  symmetrical  phthalone  is  entirely  analogous 
to  that  of  benzalphthalide  into  ^-phenylindandione.^ 

In  addition  to  the  quinophthalones,  phthalones  have  been  obtained 
also  in  the  pyridine,*  benziniidazole,*phthalazine,*  ethenylaminophenyl- 
mercaptan,^  nitromethane*  and  possibly  other  series,  but  so  far  as  we  are 
aware  none  have  been  described  as  yet  from  the  quinazoline  series. 

Other  anhydrides,  such  as  succinic^  and  naphthalic,*  have  been  employed 
in  lieu  of  phthalic,  and  the  free  acids  can  often  be  used  instead  of  their 
anhydrides. 

Using  the  imides  in  place  of  the  anhydrides,  analogously  constituted 
pbthalines*  are  obtained. 

In  the  present  article  are  described  certain  phthalones  belonging  to 
the  quinazoline  series.  The  2-methyl-4-quinazolone  (2-methyl-4-hy- 
droxyquinazoline)  compounds  were  chosen  for  these  experiments,  since 
they  can  be  readily  and  rapidly  prepared  pure  and  in  any  desired 
amount,**  and  are  of  quinaldine  type: 

N  N 


\Ay 


N 


Quinaldine.  2-Methyl-4-hydrozyquinazoline. 

2-Methyl-4-quinazolone  condenses  smoothly   with   phthalic  anhydride 
to  the  symmetrical  phthalone,  which  behaves  as  a  weak  acid,  forming 

*  Nathanson,  Ber.,  26,  2576  (1893). 

*  Jacobsen  and  Reimer,  Ber.,  x6,  2602  (1883).  von  Huber,  Ibid.,  36,  1653  (1903). 
Gaebel^,  Ibid.,  36,  3913  (1903)-   Scholze,  Ibid.,  38,  2806  (1905). 

»  Bamberger  and  Wulz,  Ber.,  24,  2053  (1891).    Bamberger  and  Berl6,  Ibid.,  25, 
274  (1892);  Ann.,  273,  315  (1893). 

*  Gabriel  and  Eschenbach,  Ber.,  30,  3034  (1897). 
'  P.  Jacobson,  Ibid.,  21,  2624  (x888). 

*  Gabriel,  Ibid.,  36,  570  (1903). 

'  Eibner  and  Lange,  Ann.,  315,  303  (1901). 
>  Eibner  and  Ldbering,  Ber.,  39,  2215  (1906). 

*  Jacobaen  and  Reimer,  Ibid.,  16,  2608  (1883).    Eibner  and  Lange,  .4^^.,  315,  328 
(1901).     Eibner  and  Hofmann,  Ber.,  37,  3018  (1904). 

*•  Anschutz,  Schmidt  and  Greiffenberg,  Ber.,  35,  3480  (1902).  Bogert,  et  al.,  This 
Journal,  25,  788  (19 to). 
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a  ydiow  mono-sodium  salt  and  a  red  di-sodium  salt,  as  wdl  as  a  red 
num^aoil,  a  mono-phenylhydrazone  and  a  sulfonic  add.  Energetic  re- 
daction converts  the  phthalone  into  the  corresponding  hydrindone.  The 
suifcmie  add  of  the  phthalone  when  brominated  in  aqueous  solution 
yields  a  dibrom  2-methyl-4-quinazolone,  which  is  not  the  6,8-dibrom 
compound/  a  pentabrom  2-methyl*4-quinaiolone,  a  monobrom  2-niethyl- 
4-qtmiazolone  sulfonic  add,  phthalic  and  sulfuric  acids.'  An  interesting 
feature  of  the  reaction  is  that  the  bromine  splits  off  the  phthalic  acid 
fiDm  the  quinazolone  nucleus. 

6-Nitro  and  7-acetamino  2-methyl-4-quinazolone  condense  similarly 
to  phthalones. 

With  phthalimide,  2-m^thyl-4-quinazolone  condenses  to  the  unsym- 
metrical  or  ^-phthaline,  with  formation  of  a  small  amotmt  of  what  ap- 
pears to  be  a  bis-quinazolone  phthaline. 

2-Methy]-4-quinazolone  and  succinic  anhydride  react  vigorously  with 
production  of  a  tarry  mass,  from  which  a  colorless  anhydro  body  may  be 
isolated. 

2-Methyl-4-quinazolones  carrying  alkyl  groups  in  position  3  dther 
refuse  to  condense  with  phthalic  anhydride  or  give  only  a  small  yidd  of 
the  phthalone. 

In  none  of  the  experiments  was  the  formation  of  any  unsymmetrical 
phthalone  observed,  nor  could  we  isolate  any  intermediate  product  ex- 
cq)t  the  phthalate  of  the  quinazolone. 

Like  the  quinophthalones,  these  phthalones  act  as  yellow  dyestuffs, 
but  in  tinctorial  power  they  seem  inferior  to  the  former. 

Experimental. 

4  '  Quinazolone  -  2  -  pkthalone'{4  -  hydroxyquinazoline  -  2  -  phthalone, 
2  -  indandionyl  -4-  quinazolone,  P  -  (4''qudnazolonyl'2 ')  -diketohydrindene),* 

~-An  intimate  mixture  of  equimolecular  amounts  of  2-methyl-4-quin- 
azolone  and  phthalic  anhydride  was  heated  rapidly  to  about  200**.  At 
about  160®  the  mixture  fused  to  a  homogeneous,  yellowish  brown  liquid. 
Evolution  of  water  began  above  this  point,  gradually  becoming  more 
rapid  as  the  temperature  rose,  and  finally  causing  the  melt  to  boil  vigor- 
ously, the  color  of  the  mixture  darkening  to  a  deep  red  and  yellow  needles 
separating.     The  mass  soon  solidified  at  this  temperature  (200°),  but 

'  Bogert  and  Hand,  This  Jottrnal,  35,  935  (1903). 

'  Compare  Limpricht,  Ann.,  181,  193  (1876).    Kelbe,  Ibid.,  aio,  37,  48  (1881). 
'  For  tibe  sake  of  brevity,  these  compounds  will  be  generally  designated  quinazolone 
phthalones  and  formulated  accordingly. 
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the  heating  was  ccmtmued  for  about  three  hours  to  complete  the  reaction. 
The  crystalline  brownish  yellow  cake  thus  obtained  was  pulverized  and 
extracted  repeatedly  with  small  amounts  of  boiling  95%  alcohol,  to  re- 
move unchanged  initial  materials  and  certain  brown  by-products  (see 
beyond).  The  yellow  residue  was  then  rubbed  up  thoroughly  to  a  paste 
with  sodium  ethylate  solution,  giving  at  once  the  bright  orange-red 
di-sodium  salt.  The  mixture  was  thinned  with  absolute  alcohol  and  heated 
for  half  an  hoiu:  on  the  water-bath,  to  insure  complete  conversion  to  the 
di-sodium  salt  and  the  consequent  transformation  of  any  unsymmetrical 
phthalone  to  the  symmetrical  form.  When  cold,  the  mixture  was  filtered 
and  the  di-sodium  salt  rubbed  up  with  hot  water,  causing  immediate 
hydrolysis  to  the  orange-yellow,  difficultly  /oluble  mono-sodium  salt. 
Acidification  of  this  with  acetic  acid  liberated  the  pale  yellow  flocculent 
phthalone  itself,  which  was  filtered  off,  washed  with  hot,  dilute  acetic 
add,  then  with  hot  water,  and  thoroughly  dried.  Average  .yield,  70%. 
As  thus  prepared,  it  was  quite  pure  and  tribo^ectric.  For  analysis, 
it  was  again  oystallized  from  glacial  acetic  acid,  and  then  lost  its  tribe- 
electric  properties  : 

Pound:  C,  70.04;  H,  3.63;  N,  9.88.  Calculated  for  C,tHioO,N,:  C,  70.32;  H,  347; 
N,  9.66. 

Instead  of  the  method  of  ptuification  just  given,  the  crude  phthalone 
may  be  washed  thoroughly  with  boiling  dilute  hydrochloric  acid,  then 
with  water,  and  recrystallized  from  glacial  acetic  acid;  or,  it  may  be 
dissolved  in  warm,  concentrated  sulfuric  acid,  reprecipitated  by  dilution, 
and  the  precipitate  crystallized  until  pure. 

The  pure  phthalone  separates  from  glacial  acetic  acid  either  in  pale 
yellow  prismatic  needles,  often  united  in  sheaves,  or  in  hexagonal  plates. 
The  two  forms  melt  at  the  same  point,  and  no  change  in  melting-point 
occurs  on  mixing  the  two.  By  dissolving  the  plates  in  hot  chloroform, 
precipitating  with  alcohol  or  ether,  and  recrystallizing  from  glacial  acetic 
acid,  the  needles  are  obtained.  It  is  of  interest  in  this  connection  to  note 
that  pyrophthalone  is  also  dimorphous,^  crystallizing  in  both  needles 
and  leaflets,  the  latter  being  the  more  stable  form. 

Heated  above  200®,  the  phthalone  sublimes  unchanged  in  wooly  masses 
of  pale  yellow  minute  needles,  melting  at  about  318°  (cor.).  It  is  very 
easily  soluble  in  hot  phenylhydrazine;  soluble  in  chloroform,  hot  glacial 
acetic  acid,  aniline  or  pyridine;  difficultly  soluble  in  alcohol,  acetone, 
amyl  acetate  or  benzene;  and  practically  insoluble  in  water  or  ether. 

Presiunably  because  of  the— CO.NH— :;jl^— C(OH) :  N— group  of  the 
quinazolone  nucleus,  in  contradistinction  to  quinophthalone,  it  acts  as  a 
weak  acid.    Thus,  while  it  is  but  slightly  soluble  in  cold,  dilute  ammonium 

^  Eibner  and  L6bering,  Ber,,  39,  2447  (1906).    Ldbering,  Inaug.  Dissert.,  Techn. 
Jlochsch.  MUnchen,  1907,  p.  47. 
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hydroxide  solution,  it  dissolves  readily  in  it  on  wanning.  In  boiling  sodium 
hydroxide  'or  sodium  carbonate  solutions,  it  dissolves  with  difficulty, 
since  the  mono-sodium  salt  is  itself  difficultly  s(duble  in  alkaline  solutions. 
Fton  these  solutions  it  is  precipitated  by  acetic  add.  Concentrated 
alcoholic  potassium  hydroxide  solution  does  not  decompose  it,  but  fusion 
with  caustic  alkali  or  distillation  with  calcium  oxide  does.  The  basic 
{^operties  of  the  quinazolone  are  submerged  by  the  phthalyl  residue, 
so  that  the  phthalone  does  not  form  a  hydrochloride  or  chlorplatinate 
under  any  ordinary  conditions.  In  fact  the  phthalone  is  not  only  insoluble 
in  the  boiling  concentrated  add,  but  is  also  very  resistant  to  its  action 
even  when  heated  with  it  under  pressure.  Seven  hours'  heating  with  the 
concentrated  add  at  190-220^  left  most  of  the  phthalone  unchanged; 
but  seven  hours'  heating  at  270^  decomposed  practically  all  of  it,  only 
{dithalic  add  bdng  isolated  from  the  blackened  tube  contents.  In  ex- 
periments  at  intermediate  temperatures,  both  phthalic  add  and  2-methyl- 
4-quinazolone  were  identified  among  the  products.  In  concentrated 
sulfuric  add,  it  dissolves  to  an  orange  solution,  from  which  it  separates 
undianged  on  dilution.  Hot,  fuming  sulfuric  add  sulfonates  it,  while 
dilute  nitric  add  is  without  action  upon  it. 

The  use  of  zinc  chloride  in  condensing  phthalic  anhydride  with  the 
quinazolone  is  objectionable  in  that  it  leads  to  the  formation  of  tarry 
products  and  renders  purification  more  troublesome. 

Sundry  experiments  were  carried  out  with  the  object  of  isolating  dther 
the  unsymmetrical  phthalone  or  intermediate  products  in  the  conden- 
sation of  the  quinazolone  and  phthalic  anhydride.  An  mtimate  mixture 
of  the  two  was  unchanged  after  four  hoturs'  hesiting  at  100^.  The  mixture 
was  then  dissolved  in  toluene  and  boiled  gently  for  72  hours,  but  the  only 
change  observed  was  a  slight  yellowing  of  the  solution. 

2'Meihyl'4-Quinazolone  Phthalaie,  CgHgON,.C,H4(COOH),.— In  one  ex- 
periment, ten  grams  of  the  quinazolone  were  mixed  with  an  excess  (14  g.) 
of  phthalic  anhydride,  this  excess  of  anhydride  being  added  as  a  flux 
on  account  of  the  high  mdting-point  of  the  quinazolone  (235^)  and  of 
the  phthalone,  and  the  mixture  heated  an  hour  and  a  half  at  150-70^, 
giving  a  ydlowish  brown  semifluid  mdt.  On  extraction  with  boiling 
water,  the  crude  phthalone  remained  undissolved  (yidd,  about  30%), 
while  from  the  aqueous  extract  there  separated  on  cooling  beautiful 
light  yellow  fluorescent  prismatic  needles  of  the  quinazolone  phthalate, 
carrying  a  molecule  of  water  of  crystallization  which  was  driven  oflF  at 

110®: 

Pound:  H,0,  5.50.    Calculated  for  C,7Hi40«N,.H,0  :  H,0,  5.24. 

Analysis  of  the  anhydrous  material  resulted  as  follows: 

Found:  C,  62.57,  62.43,  62.62;  H,  4.35,  4.04,  4.38;  N,  9.14,  9.03.  Calculated  for 
C^Hj^O^,  :  C,  62.55;  H,  4.33;  N,  8.59. 
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Occasionally  the  salt  crystallizes  anhjrdrous  in  plates.  If  heated  quickly 
to  within  a  few  degrees  of  its  melting-point,  the  anhydrous  salt  melts 
at  171  °  (cor.)  with  evolution  of  gas.  If  heated  above  its  m.  p.  water  and 
phthalic  anhydride  are  driven  oflF  and  the  phthalone  formed,  together  with 
small  amounts  of  decomposition  products. 

This  phthalate  is  easily  soluble  in  glacial  acetic  acid ;  soluble  in  alcohol, 
acetone,  amyl  acetate,  nitrobenzene  or  hot  water;  difl&cultly  soluble 
in  chloroform ;  very  slightly  soluble  in  ether  or  hot  benzene ;  and  practically 
insoluble  in  carbon  tetrachloride  or  ligroin.  In  aqueous  sodium  carbonate 
solution,  it  dissolves  with  effervescence.  Its  solution  in  aqueous  potassium 
hydroxide  solution  on  saturation  with  carbon  dioxide  precipitates  2- 
methyl-4-quinazolone.  Its  aqueous  solution  is  not  precipitated  by  silver 
nitrate  or  copper  sulfate  solutions.  The  substance  is  a  weak  dye,  and 
in  water  solution  dyes  silk  a  pale  greenish  yellow.  In  concentrated  sul- 
fiuic  add,  it  dissolves  to  a  yellow  solution  which  when  heated  to  100° 
and  then  diluted  does  not  separate  any  phthalone.  It  seems  odd  that 
the  phthalone  should  form  a  salt  with  phthalic  and  not  with  the  strong 
mineral  acids. 

The  brown  alcohol-soluble  by-products,  formed  in  the  condensation 
of  the  quinazolone  and  phthalic  anhydride  at  200®,  were  also  investi- 
gated and  two  substances  isolated:  one  crystalline,  not  melting  below 
313®  (uncor.),  the  other  amorphous,  and  melting  to  a  tar  in  the 
neighborhood  of  220-225^  (uncor.).  Not  enough  of  either  substance 
was  obtained  for  futher  study. 

DnrSodium  Salt  of  4'Quinazolone'2-Pkth(ilone, 

<N  ===  C— C  —  COv 
I     II  V,H,. 

C(ONa):N    C(ONa)^  • 

— ^The  phthalone  was  boiled  for  several  hours  with  excess  of  an  absolute 
alcohol  solution  of  soditmi  ethylate,  protecting  the  reflux  with  a  calcium 
chloride  guard  tube.  The  orange-red  salt  was  filtered  oflF,  dried  in  a  desic- 
cator, pulverized  fine  and  washed  with  absolute  alcohol  until  the  washings 
failed  to  show  an  alkaline  reaction  on  dilution.  It  was  washed  finally 
with  a  little  absolute  ether,  dried  in  vactw  and  analyzed : 

Found:  Na,  13.49,  13.50.    Calculated  for  Cj^HgOjNjNaa:  Na,  13.77. 

The  pure  salt  forms  an  orange-red,  micro-crystalline  powder,  which  is 
gradually  hydrolyzed  by  the  moisture  of  the  air  to  the  yellow  mono- 
sodium  salt.  Boiling  dilute  sodium  hydroxide  effects  a  similar  change, 
but  boilipg  water  hydrolyzes  it  completely  to  the  phthalone.  Acetic 
add  immediately  liberates  the  phthalone. 

Mono-Sodium  Salt,  C,7H,0jN,Na. — ^The  phthalone  was  boiled  for  several 
hours  with  dilute  sodium  hydroxide  solution,  to  insure  complete  con- 
version to  the  diflficultly  soluble  orange-yellow  salt.     On  filtering  the  hot 
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solutkm,  most  of  the  salt  remained  on  the  filter,  but  some  also  separated 
from  the  filtrate  on  cooling.  The  two  lots  thus  obtained  were  combined, 
dried  at  1 10^,  and  exposed  to  the  ah*,  to  convert  any  excess  of  caustic 
alkali  to  the  carbonate  (which  is  difficultly  soluble  in  absolute  alcohol). 
The  crude  salt  was  then  extracted  repeatedly  with  boiling  absolute  alcohol, 
and  from  these  extracts  the  pure  salt  separated  on  cooling.  It  was  washed 
with  ether, •  pulverized,  dried,  and  analyzed: 

Pound:  Na,  7.31.    Calculated  for  CjyHgOaNaNa:  Na,  7.37. 

The  salt  as  thus  prepared  is  a  pale  yellowish  microcrystalline  soUd, 
difficultly  soluble  in  absolute  alcohol.  It  is  moderately  soluble  in  water, 
bat  the  aqueous  solution  on  boiling  precipitates  the  free  phthalone. 
It  acts  as  a  weak  dye,  its  aqueous  solution  dyeing  silk  a  pale  yellow. 

Since  the  sodium  salt  of  2'methyl-4-quinazolone  is  colorless,  while 
that  of  the  quinophthalone  is  red,  it  seems  most  probable  that  the  above 
mooo-soditun  salt  carries  the  sodium  in  the  quinazolone  portion  of  the 
nudeus. 

Silver  Salt. — ^The  phthalone  was  dissolved  in  dilute  ammonium  hydroxide 
solution,  an  ammoniacal  solution  of  silver  nitrate  added,  and  the  mixture 
boiled.  On  cooling,  beautiful  light  yellow  hair-like  needles  of  the  silver 
salt  separated. 

<N  :  C  —  CH.CH,. 
I        I       I        . 
CO :  NH  CO.CjH^ 

— ^Pive  grams  of  4-quinazol(me-2-phthalone  were  boiled  for  two  hours 
and  a  half  with  a  solution  of  25  grams  sodium  hydroxide  in  300  cc.  of 
water,  zinc  dust  being  added  in  small  portions  from  time  to  time.  The 
solution  slowly  turned  a  dark  green.  As  the  solid  material  in  the  flask 
bailed  together  somewhat  and  was  protecting  part  of  the  phthalone 
from  reduction,  it  was  removed,  rubbed  up  to  a  thin  paste  in  a  mortar, 
returned  to  the  flask,  the  boiling  with  alkali  and  zinc  dust  continued  for 
12  hours  longer,  and  the  mixture  then  allowed  to  cool.  The  solid  was 
filtered  out  and  washed  with  hot  water.  Warming  this  material  with 
dilute  hydrochloric  acid  proved  an  unsatisfactory  method  of  removing 
the  excess  of  zinc,  and  we  fotmd  it  necessary  to  treat  first  with  cold  con- 
centrated add  until  vigorous  effervescence  ceased  and  then  warm  the 
solution  until  no  more  evolution  of  hydrogen  occurred  (several  hours). 
The  mixture  was  diluted  with  a  large  volume  of  water,  boiled,  allowed 
to  cool,  and  the  undissolved  hydrindone  filtered  out  and  purified  by  re- 
peated crystallization  from  alcohol.    The  3deld  was  poor: 

Found:  C,  73.78;  H,  4.65;  N,  10.29.  Calculated  for  CjyHnO^,:  C,  73.88;  H,  4.38; 
N,  10.15. 

The  hydrindone  forms  olive-yellow  microscopic  crystals,  which  sublime 
and  turn  orange  above  160°,  finally  melting  to  a  red  liquid  at  about  328° 
(uncor.)  with  previous  softening  and  decomposition.     It  is  practically 
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insoluble  in  water  or  ether;  very  slightly  soluble  in  hot  chloroform,  amyl 

acetate  or  toluene;  and  diflScultly  soluble  in  ethyl  or  amyl  alcohol. 

In  this  preparation,  we  did  not  encounter  any  intermediate  product 

similar  to  the  dihydrostilbazole-o-carbonic  add   isolated  by  Gaebel^^ 

in  his  preparation  of  the  hydrindone  from  p3rrophthalone. 

1 r 

4'Quinazolone'2'Phihalone  Mon-anil,  CgHjONa.CH.CO.CeH^.CrN.C^,.— 

Eibner'  has  shown  that  some  phthalones  yield  di-anils,  while  otheifs  give 
only  mon-anils. 

When  4-quinazolone-2-phthalone  was  dissolved  in  aniline  and  the 
solution  boiled,  no  change  occurred.  But  when  such  a  solution  was 
heated  nearly  to  its  boiling  point  and  small  amounts  of  anhydrous  zinc 
chloride  gradually  added,  an  ixnmediate  and  vigorous  evolution  of  water 
ensued.  For  5  g.  of  the  phthalone,  3  g.  zinc  chloride  were  used.  The 
reaction  was  completed  by  gently  boiling  the  solution  for  an  hour  and  a 
half,  and  then  allowing  it  to  cool.  The  pasty  mass  was  filtered  and  the 
insoluble,  bright  yellow,  crystalline  residue  washed  with  alcohol.  Upon 
further  addition  of  alcohol  to  the  filtrate,  more  of  the  yellow  solid  pre- 
cipitated and  was  added  to  the  first  lot.  This  yellow  solid  was  pulverized 
fine,  washed  thoroughly  with  alcohol,  and  then  with  boiling,  dilute  am- 
monium hydroxide  solution  (to  remove  unchanged  phthalone).  From 
these  ammoniacal  extracts,  on  cooling,  a  colorless  zinc  salt  separated. 
The  yellow  solid,  as  thus  purified,  proved  to  be  a  double  zinc  chloride 
itself,  as  described  beyond,  and  gave  qualitative  tests  for  both  zinc  and 
halogen.  It  was  decomposed  by  dissolving  it  in  boiling  glacial  acetic 
add,  adding  water  to  turbidity,  then  add  tmtil  dear,  boiling  the  orange- 
red  solution  10  or  20  minutes  and  cooling.'  Minute  scarlet  needles  sep- 
arated. These  were  dried,  extracted  with  boiling  carbon  tetrachloride, 
and  the  residue  crystallized  two  or  three  times  from  strong  acetic  add. 
As  thus  obtained,  it  showed  only  a  faint  trace  of  ash,  and  was  analyzed 
with  the  following  results: 

Found:  C,  75.54;  H,  4.15;  N,  11.99,  "-86.  Calculated  for  CagH^O^,:  C,  75.59; 
H,  4.14;  N,  11.51. 

The  anil  crystallizes  from  alcohol  in  brilliant  scarlet  needles,  mdting 
at  284-5  ®  (imcor.),  with  previous  sublimation  and  sintering.  It  is  strongly 
tribo-dectric.  In  chloroform,  pyridine,  phenylhydrazine,  or  hot  strong 
acetic  add,  it  is  readily  soluble;  moderatdy  soluble  in  acetone  or  benzene; 
diflBcultly  soluble  in  methyl  or  ethyl  alcohol,  ether  or  carbon  tetrachloride; 
practically  insoluble  in  water  or  aqueous  ammonium  hydroxide  solution. 
It  is  quite  stable  to  mineral  acids,  but  boiling  i  :  i  hydrochloric  add 

*  Loc.  cit. 

*  Ber,,  37,  3605  (1904)-     Chem,  Ztg.,  28,  1206  (1904). 

'  Some  hydrolysis  of  the  anil  often  results  from  this  boiling  with  strong  acetic  add. 
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gradtttdly  hydrolyzes  it  to  the  phthalone  axid  aniline  again.  Boiled  for 
a  few  minutes  with  dilute  caustic  alkali  solution,  a  light  yellow  alkali 
salt  is  formed,  from  which  acetic  add  liberates  the  red  anil. 

Sodium  Salt. — The  anil  was  boiled  for  a  few  minutes  with  excess  of  dilute 
sodium  hydroxide  solution.  The  light  yellow  salt  was  filtered  off  and 
washed  thoroughly  with  absolute  alcohol  until  all  free  alkali  was  removed. 
Some  of  the  salt  is  lost  by  this  treatment.  The  purified  salt  was  dried 
at  iio^  and  analyzed: 

Pound:  Na,  5.99.    Calculated  for  (^KtfiJtiJ^tL:  Na,  5.94. 

In  presence  of  moisture,  this  yellow  sodium  salt  rapidly  hydrolyzes 
t0  the  red  anil.  Its  color  is  not  changed  by  treatmeitf  with  a  solution 
of  sodium  ethylate  in  absolute  alcohol. 

Double  Salt  of  Zinc  Chloride  and  the  Anil. — ^A  portion  of  the  crude, 
ydlow,  double  zinc  salt  isolated  as  an  intermediate  product  in  the  prepara- 
tion of  the  anil  was  dissolved  in  chloroform,  the  solution  concentrated 
and  the  salt  re^predpitated  by  the  addition  of  hot  alcohol.  The  bright 
ydlow,  microcrystalline  predpitate  obtained  on  cooling  was  further 
purified  by  a  repetition  of  this  treatment,  dried  at  120-30^  and  analyzed: 
Found:  N,  9.97.    Calculated  for  2CftHiJ0^^.ZnCi^:  N,  9.70. 

A  hot  alcoholic  solution  of  the  anil  treated  with  a  similar  solution  of 
zinc  chloride  slowly  deposited  on  cooling  a  bright  yellow  crystalline  double 
zinc  salt  apparently  identical  with  the  above. 

Another  Anil  of  the  Phthalone. — In  the  final  purification  of  the  anil 
described  above,  the  crude  product  was  extracted  with  boiling  carbon 
tetrachloride.  In  one  case  only,  this  orange  extract,  on  concentration 
to  small  volume  and  cooling,  deposited  minute  red  crystals,  mdting  at 
258^  (uncor.),  with  previous  sublimation.  Under  the  microscope,  these 
crystals  appeared  homogeneous  and  on  analysis  gave  the  following  figure: 
Pound:  N,  10.91.    Calculated  for  (C^fifiJtf^^.C^t:  N,  10.99. 

This  corresponds  to  a  condensation  of  one  molecule  of  aniline  with  two 
of  the  phthalone.  The  amount  obtained  was  insufficient  for  further 
investigation,  and  we  did  not  encounter  it  in  subsequent  preparations 
of  the  anil. 

4  -  Quinazolone  -  2  -  Phthalone       Monophenylhydrazone,       CgH^ON,. 

1 1 

CH.CO.CeH^.C  :  N.NHC^Hj.— Eibner   and    Hofmann*    were    unable    to 

prepare  the  phenylhydrazone  of  quinophthalone  by  the  direct  action 
of  (dienylhydrazine  upon  the  phthalone,  but  succeeded  in  obtaining  it 
by  the  action  of  the  hydrazine  upon  the  anil,  a  reaction  due  to  von  Walther.' 
Efforts  to  secure  the  phenylhydrazone  of  the  quinazolone  phthalone 
in  similar  fashion,  from  the  anil,  proved  unsuccessful.  We  therefore 
"  B«r.,  37,  301S  (1904). 

'  /.  prakt.  Chmm.,  [a]  S3»  455  (1896). 
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heated  the  phthalone  itself  with  excess  of  phenylhydrazine  for  20  minutes 
over  the  flame.  Water  was  given  off,  and  the  color  of  the  solution  became 
dark  red.  When  cold,  ether  was  added  to  the  viscous  mass,  the  orange- 
red  precipitate  filtered  off,  washed  well  with  ether,  and  then  boiled  with 
dilute  ammonium  hydroxide  solution  to  remove  any  unchanged  phthalone. 
The  residue  crystallized  twice  from  alcohol  gave  an  orange-brown,  micro- 
crystalline  powder,  melting  at  about  225°  (uncor.)  with  evolution  of  gas. 
The  yield  was  poor  and  not  enough  of  the  material  was  obtained  for  further 
purification : 

Pound:  N,  15.00.    Calculated  for  CJl^fi^^i  N,  14.74. 

The  compound's  insoluble  in  water,  and  difficultly  soluble  in  alcohol 
or  amyl  acetate. 

An  attempt  to  prepare  the  oxime  of  4-quinazolone-2-phthalone  by 
boiling  the  phthalone  with  excess  of  hydroxylamine  hydrochloride  and 
dilute  sodium  carbonate  resulted  merely  in  the  immediate  formation  of 
the  difficultly  soluble,  bright  yellow  mono-sodium  salt  of  the  phthalone. 
Bibner  was  likewise  unsuccessful  in  his  efforts  to  isolate  oximes  of  quino- 
phthalones. 

A  similar  lack  of  success  attended  our  efforts  to  prepare  the  semicar- 
bazone  of  the  phthalone.  On  boiling  for  three  hours  a  glacial  acetic 
acid  solution  of  the  phthalone,  semicarbazide  hydrochloride  and  fused 
sodium  acetate,  no  change  could  be  detected,  even  after  adding  a  little 
acetic  anhydride.  Two  grams  anhydrous  zmc  chloride  were  then  added 
and  the  boiling  continued  for  four  hours.  On  cooling  the  bright  yellow, 
double  zinc  chloride  salt  of  the  phthalone,  already  described,  and  unchanged 
phthalone  separated.     No  semicarbazone  could  be  isolated. 

4'Quinazolone'2-Phthalone'6Sidfonic  Acid,  HOjS.CjH^ONj.CH  iCjO,:^!!^. 
— ^The  phthalone  was  dissolved  in  a  mixture  of  one  part  concentrated 
to  about  three  parts  Nordhausen  fuming  sulfuric  acid  and  the  solution 
heated  at  100°  until  a  test  portion  dissolved  completely  in  water  (about 
three  hours).  The  deep  red  acid  solution  when  cold  was  poured  upon 
cracked  ice  and  most  of  the  sulfo  acid  separated  as  a  bright  yellow  amor- 
phous solid.  It  was  filtered  out,  and  the  filtrate  used  for  the  preparation 
of  the  di-sodium  salt  described  beyond.  The  crude  sulfo  acid  was  boiled 
with  a  large  volume  of  water,  filtered,  and  the  filtrate  concentrated  to 
incipient  crystallization.  On  cooling,  minute  orange-yellow,  glistening 
scales,  of  greasy  feel,  were  deposited.  Yield,  9  g.  from  lo  g.  phthalcme. 
It  was  recrystallized  from  strong  (not  glacial)  acetic  acid,  dried  thoroughly 
at  120°,  and  analyzed  by  fusion  in  a  silver  crucible  with  sodium  hydroxide 
and  nitrate,  leaching  the  melt  with  water,  and  weighing  as  barium  sulfate: 

Found:  S,  8.75.     Calculated  for  C,7H,oOeN,S:  S,  8.66. 

The  anhydrous  acid  is  pale  yellow  and  dimorphous,  crystallizing  either 
in  .microscopic,  lenticular  plates  or  in  aggregates  of  minute  needles.    iThe 
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latter  is  the  unstable  form  and  soon  changes  into  the  plate  form.  On 
heating,  the  substance  gradually  darkens,  sinters,  and  finally  melts  to 
a  black  liquid  in  the  vicinity  of  355-60**  (uncor.).  It  absorbs  moisture 
cageriy  from  the  air  and  turns  orange.  It  is  easily  soluble  in  hot  water, 
but  not  readily  ia  cold;  very  difficultly  soluble  in  glacial  acetic  add,  but 
dissolves  quite  easily  in  the  hot  acid  upon  the  addition  of  a  small  amount 
of  water.  Fusion  with  caustic  alkali  breaks  it  down.  With  concentrated 
nitric  add  at  100°,  simple  nitration  seems  to  take  place,  but  this  reaction 
was  not  followed  farther.  Heated  for  seven  hours  at  200  **  with  concen- 
trated hydrochloric  acid,  it  is  easily  and  cleanly  split  into  phthalic  add 
and  what  is  evidently  a  2-methyl-4-quinazolone  sulfonic  add.  The 
^o  group  is  therefore  on  the  quinazolone  part  of  the  molecule,  most 
probably  at  position  6. 

Mono-Sodium  Salt,  CiyH^OjNj.SOjNa. — ^The  free  add  was  dissolved 
in  hot  water,  the  calculated  amount  of  sodium  h3^roxide  added,  and  the 
sdution  concentrated.  On  cooling,  the  salt  separated  in  light  yellow 
plates,  whidi  were  recr)rstallized  from  water,  washed  with  alcohol  and 
ether,  dried  to  constant  weight  and  analyzed : 

Found:  Na,  5.87.    Calculated  for  C„H/)^^Na:  Na,  5.86. 

On  adding  sodium  hydroxide  to  an  aqueous  solution  of  the  salt,  the 
formation  of  the  di-sodium  salt  is  indicated  by  the  change  in  the  color 
of  the  solution  from  a  light  to  a  dark  yellow. 

N^^^«""^^C— CH  CO 
Di^Sodium  Salt,      NaO,S.C,H/^  III. 

N:(ONa):N    CCCgH^ 

— ^The  filtrate  from  the  original  predpitate  of  crude  sulfonic  add  still  re- 
tained considerable  of  this  acid.  It  was  therefore  neutralized  with  ex- 
cess of  barium  hydroxide  solution,  or  baritmi  carbonate,  and  the  mass 
boiled  with  slight  excess  of  sodium  carbonate  solution  and  filtered.  The 
filtrate  was  concentrated,  filtered  from  a  further  separation  of  barium 
salts,  and  evaporated  to  small  volume.  On  cooling,  the  disodium  salt 
separated  as  an  orange-yellow  crystalline  solid,  carrying  water  of  crystal* 
lization.    It  was  dried  to  constant  weight  and  andyzed: 

Pound:  Na,  ii.oi.    Calculated  for  CiyHsOgKiSNa,:  Na,  11. 11. 

The  determination  of  the  water  of  crystallization  gave  the  following 
results: 

Fooad:  H«0,   14.43,   13.98.    Calculated  for  C,,H80eNgSNa,.4H,0:  H,0,  14.83. 

Although  this  result  is  not  very  satisfactory,  it  appears  to  indicate 
the  presence  of  four  molecules  of  water  of  crystallization. 

The  presence  of  the  sulfo  group  materially  increases  the  addity  of  the 
quinazoline  portion  of  the  molecule,  and  it  should  follow  that  the  above 
di-sodium  salt  would  carry  one  atom  of  sodium  in  the  sulfo  group  and  the 
other  in  the  quinazoline  hydroxyl,  and  this  deduction  is  in  agreement 
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with  the  behavior  of  the  compound.  The  strengthening  influence  of  the 
sulfo  group  is  evidenced  also  by  the  fact  that  aqueous  solutions  of  this 
di-sodium  salt  are  tmchanged  by  boiling,  whereas  the  corresponding  mono- 
sodium  salt  of  the  imsulfonated  phthalone  is  quickly  hydrolyzed  by  such 
treatment. 

Its  aqueous  solutions  dye  wool  or  silk  light  yellow  shades.  As  this 
salt  corresponds  to  the  technical  quinoline  yellow  S»  it  might  be  called 
quinazolone  yellow  S. 

In  the:  analysis  of  the  sulfo  acid  by  fusion  with  sodium  hydroxide 
a  brilliant  red  developed  before  the  decomposition  of  the  substance.  We 
think  that  this  may  have  been  due  to  the  formation  of  the  tri-sodium 
salt,  but  an  attempt  to  obtain  such  a  red  salt  by  the  action  of  sodium 
ethylate  upon  the  di-sodium  salt  was  unsuccessful. 

Barium  Salt,  (Ci7H^05N,.SO^,Ba. — ^A  hot,  aqueous  solution  of  the  free 
acid  was  precipitated  with  slightly  more  than  the  calculated  amount 
of  barium  hydroxide  solution,  the  precipitate  filtered  out,  washed  with 
cold  water,  recrystallized  from  boiling  water,  dried  to  constant  weight 
and  analyzed : 

Pound:  Ba,  15.61.    Calculated  for  (C|,H90,N|S)aBa:  Ba,  15.46. 

Minute,  glistening  pale  yellow  crystals,  which  are  tribo-electric.  It 
is  difficultly  soluble  in  cold  water,  moderately  soluble  in  hot. 

Bromination  of  4'Quinazolone'2'Phthalone  Sulfonic  Acid, — By  the 
action  of  bromine  upon  the  aqueous  solution  of  the  sulfo  add,  there  were 
formed  a  di-  and  a  penta-bromo-2-methyl-4-quinazolone,  a  mono-bromo- 
2-methyl-4-quinazolone  stdfonic  acid,  phthalic  acid  and  sulfuric  add. 

The  sulfo  add  was  dissolved  in  hot  water  and  bromine  added  very 
cautiously  until  present  in  excess.    The  reaction  was  quite  vigorous 

• 

and  towards  its  close  a  colorless  crystalline  predpitate  separated  which 
increased  as  the  solution  cooled.  The  mixture  was  allowed  to  stand 
for  an  hour  or  two  and  then,  without  removing  the  predpitate,  boiled 
until  the  excess  of  bromine  was  driven  off.  A  colorless  solution  resulted, 
showing  that  all  the  original  phthalone  sulfonic  add  had  been  decomposed. 
When  the  mixture  cooled,  the  precipitate  was  filtered  out  and  the  filtrate 
used  for  the  separation  of  the  other  products  of  the  reaction  as  described 
beyond. 

Dibromo'2'Methyl"4'Quinazolone,  CpHeONjBr,,  was  isolated  from  the 
above  precipitate  by  extraction  with  boiling  water,  and  the  residue  used 
for  the  recovery  of  the  pentabrom  compotmd  which  follows.  On  cool- 
ing, there  separated  from  these  aqueous  extracts  arborescent  masses  of 
colorless,  ddicate  needles.  These  were  recrystallized  from  water,  dried 
at  1 10^  and  analyzed,  after  a  qualitative  test  had  shown  the  absence 
of  sulfur: 

Found:  N,  8.82;  Br,  49.64.    Calculated  for  CAONtBr,:  N,  8.81;  Br,  50.28. 
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When  heated,  the  compound  gradually  darkens  and  melts  at  about 
293  ^^  (uncor.)  with  decomposition.  It  is  difficultly  soluble  in  hot  water, 
more  readily  in  hot  alcohol  or  hot  benzene.  It  is  soluble  also  in  hot,  dilute 
potassitun  hydroxide  solution  and  is  reprecipitated  from  this  solution 
by  sattuation  with  carbon  dioxide.  A  comparison  with  the  6,8-dibromo- 
2-methyl-4-quinazolone  of  Bogert  and  Hand'  shows  that  the  two  are  not 
identical. 

Pentabrofno'2'Methyl'4'Quinazolone,  CpHjONjBrj. — After  the  extraction 
of  the  foregoing  dibrom  compound  with  boiling  water,  as  described,  the 
andissolved  residue  was  crystallized  from  dilute  alcohol  and  colorless 
prismatic  needles  of  the  pentabrom  compound  obtained: 
Found:  N,  5.63;  Br,  72.02.  Calculated  for  CtH,ON,Bra:  N,  5.05;  Br,  72.05. 
This  quinazolone  melts  with  decomposition  at  about  243.5 **  (uncor.). 
It  is  easily  soluble  in  glacial  acetic  acid  or  in  hot  alcohol;  moderately 
soluble  in  chloroform,  acetone,  benzene  or  cold  alcohol;  diflScultly  soluble 
in  ether;  and  practically  insoluble  in  water.  In  hot,  dilute  potassium 
hydroxide  solution  it  dissolves,  and  can  be  reprecipitated  by  saturating 
the  solution  with  carbon  dioxide. 

Monobram'2'Meihyl'4'Quinazolane  Monosulfonic  Acid. — The  filtrate 
from  the  original  precipitate  of  crude  bromquinazolones  was  concentrated 
somewhat,  and  to  the  boiling  solution  barium  hydroxide  solution  was 
added  in  moderate  excess  and  the  boiling  continued  for  15  minutes.  The 
heavy  precipitate  of  barium  sulfate  showed  that  the  sulfo  group  had  been 
split  off,  at  least  in  part,  from  the  phthalone  sulfonic  acid  by  the  bromine, 
and  accounted  for  the  sulfur-free  quinazolones  described  above.  The 
barium  stilfate  was  filtered  out  and  the  filtrate  on  evaporation  deposited 
beautiful  colorless  needles  of  the  barium  salt,  contaminated  with  a  few 
warty  aggregates  of  barium  phthalate  which  latter  were  readily  picked 
out.  The  residual  colorless  needles  when  recrystallized  from  water  carry 
from  four  to  five  molecules  of  water  of  crystallization: 

Found:  H^O,   7.71.    Calculated  for   (C,HeO^N,BrS),Ba.4V2HaO:  H,0,   7.38. 

All  but  one  molecule  of  this  water  can  be  driven  off  by  drying  at  no® 
to  constant  weight.  The  salt  thus  dried  was  analyzed  by  dissolving 
it  in  water,  precipitating  the  barium  with  a  very  slight  excess  of  sulfuric 
add,  and  washing  the  precipitate  thoroughly  with  hot  water: 

Found:  Ba,  17.38.     Calculated  for  (CgH«04N,BrS),Ba.H,0:  Ba,  17.36. 

This  salt  carrying  one  molecule  of  water  is  very  hygroscopic. 

The  free  add  was  recovered  from  the  filtrate  and  washings  of  the  barium 
sulfate  precipitate  in  the  analysis  of  the  barium  salt.  These  were  com- 
bined; evaporated  to  dryness,  the  amorphous  residue  taken  up  with  a 
little  hot  absolute  methyl  alcohol,  the  solution  reprecipitated  with  ether, 
the  precipitate  dissolved  in  absolute  ethyl  alcohol,  filtered,  the  filtrate 

*  This  Journal,  25,  935  (1903). 
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reprecipitated  with  ether,  and  this  solution  in  alcohol  and  reprecipitation 

with  ether  repeated  once  more.     The  add  was  thus  obtained  as  a  grayish 

amorphous  solid.     Like  its  barium  salt,  it  retains  one  molecule  of  water 

of  crystallization  so  tenaciously  that  it  is  not  removed  by  drying  to  can* 

stant  weight  in  a  vacuum  desiccator: 

Found:  N,  8.29;  Br,  2342;  S,  9.79.  Calculated  for  C^^O^NaBrS.HjO:  N,  8.31; 
Br,  23.71;  S,  9.51. 

Heated  in  a  sealed  capillary,  it  sublimes  above  200°  (uncor.),  partly 
liquefies  in  the  vicinity  of  240^,  resolidifies,  darkens,  softens  and  finally 
melts  at  about  285-286.5°  (uncor.).  It  dissolves  easily  in  methyl  or  ethyl 
alcohol,  or  in  water;  but  is  practically  insoluble  in  ether. 

The  filtrate  from  the  first  crystallization  of  the  crude  barium  salt  of 
this  sulfo  acid  yielded  additional  amounts  of  barium  phthalate  on  evapora- 
tion. 

4'Qriinazolone'2-Phihalines. — Eibner  and  his  co-workers*  fotmd  it 
impossible  in  several  cases  to  obtain  a-phthalines  from  their  phthalones, 
and  our  experience  with  4-quinazolone-2-phthalone  was  similar.  We 
first  heated  the  ammonium  salt  of  the  phthalone  for  20  hours  at  210^ 
with  excess  of  alcoholic  ammonia  and  then,  as  no  reaction  was  evident, 
opened  the  tube,  added  a  little  zinc  chloride  and  a  little  more  alcoholic 
ammonia,  resealed  and  continued  the  heatmg  for  nearly  22  hours  longer. 
There  was  evidence  of  some  decomposition  then,  but  we  failed  to  isolate 
any  phthaline. 

— Equal  amounts  of  phthalimide  and  2-methyl-4-quinazolone  were  in- 
timately mixed  and  the  mixture  heated.  The  mass  melted  to  a  yellowish 
brown  liquid  at  about  225®,  but  no  evolution  of  water  occurred  even 
at  245°.  The  addition  of  small  amoimts  of  zinc  chloride,  however, 
started  the  reaction  immediately,  and  the  heating  was  continued  at 
220-40°  for  somewhat  over  two  hours.  When  cold,  the  dark  brown  mass 
was  pulverized  and  extracted  repeatedly  with  boiling,  dilute  acetic  acid. 
The  combined  extracts  on  cooling  deposited  a  reddish  brown  powder  and, 
without  removing  this  precipitate,  the  solution  was  made  faintly  alkaline 
with  ammonia.  The  precipitate  was  removed,  redissolved  in  boiling, 
dilute  acetic  acid,  reprecipitated  with  ammonia,  washed  with  water, 
dried  and  analyzed : 

Pound:  N,  16.38.    Calculated  for  CmHi^OsN^;  N,  16.25. 

The  amount  of  material  available  was  insufficient  for  a  complete  analysis, 
or  for  a  thorough  study  of  its  properties,  but  we  believe  the  substance 
to  be  the  bis-quinazolone  phthaline. 

It  is  an  orange-brown  amorphous,  or  micro-crystalline,  solid  which 

'  Bar.,  37,  3605  (1904).     Chem.  Ztg.,  28,  1206  (1904). 
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when  heated  gradually  darkens,  sinters  and  finally  forms  a  tar.  It  is 
soluble  in  alcohol,  ether,  dilute  acetic  add,  or  ethyl  acetate,  the  latter 
solution  showing  a  greenish  fluorescence.  Its  solution  in  dilute  acetic 
add  acts  as  a  powerful  yellow  dye,  dyeing  both  natural  and  artificial 
silk  a  brilliant  yellow,  and  unmordanted  cotton  thread  a  dull  yellow. 


4'QiUna2olone'2'P'Phlhaline,  CgH^ONj-CH  :  C.CX).C.H^.NH.— The  crude 
product  of  the  interaction  of  the  quinazolone,  phthallmide  and  zinc  chlor- 
ide, after  extraction  of  the  bis-quinazolone  phthaline  with  boiling  dilute 
acetic  add,  was  dissolved  in  boiling  alcohol,  filtered,  and  the  filtrate  con* 
centrated.  The  orange-brown  micro-crystalline  predpitate  which  sep- 
arated on  cooling  did  not  appear  homogeneous  under  the  microscope 
and  3ridded  appreciable  amounts  of  quinazolone  phthalone  on  extraction 
with  dilute  ammonium  hydroxide  solution.  The  residue  was  then  recrystal- 
Iized  from  alcohol  and  analyzed: 

Found:  N,  14.73.    Calculated  for  C,fH|,OaNa:  N,  14.50. 

The  compound  crystallizes  from  alcohol  in  very  voluminous  aggregates 
of  orange-brown,  microscopic  prisms,  which  sublime  above  250^,  sintering 
and  decomposing  at  about  338^  (uncor.),  and  finally  liquefying  in  the 
neighborhood  of  349°  (uncor.).  It  is  easily  soluble  in  nitrobenzene; 
moderatdy  soluble  in  amyl  alcohol;  difficultly  soluble  in  acetone,  alcohol 
or  chloroform;  and  practically  insoluble  in  water  or  ether.  With  dilute 
potassium  hydroxide  solution,  it  forms  an  orange-brown,  difficultly  soluble, 
potassium  salt. 

Action  of  Succinic  Anhydride  upon  2'Methyt'4-Qudnazolone. — Eibner 
and  Lange^  failed  to  get  the  sucdnone  of  quinaldine  by  the  direct  action 
ol  succinic  anhydride,  since  the  reaction  was  so  vigorous  that  only  a  tarry 
mass  resulted.  They  finally  succeeded  in  obtaining  it,  however,  by 
heating  the  succinimide  condensation  product  with  hydrochloric  add, 
the  sucdnone  showing  the  characteristic  yellow  color  of  these  phthalones. 

In  our  experiment,  equimolecular  amounts  of  2-methyl-4-quinazolone 
and  sucdnic  anhydride  were  intimatdy  mixed  and  the  mixture  heated. 
At  220-30°  the  mixture  mdted  to  a  dark  brownish  red  liquid  and  began 
to  boil  from  escaping  steam.  After  heating  for  three  hours,  the  mdt 
was  allowed  to  cool,  and  the  black  vitreous  mass  pulverized,  boiled  with 
dilute  sodium  hydroxide  solution,  filtered,  and  the  dark  brown  filtrate 
acidified  with  acetic  add.  The  dark  brown  predpitate  thus  obtained 
was  dissolved  in  boiling  alcohol,  the  solution  treated  with  bone-black, 
and  the  light  yellow  filtrate  concentrated.  On  cooling,  glistening  gray 
leaflets  separated,  which  were  again  treated  with  bone-black  in  alcoholic 
solution  and  crystallized  to  constant  mdting  point: 

Found:  N,  11.73.    Calculated  for  the  sucdnone,  CuH,oO,N,:  N,  11.57. 
;      '  Loc.  cU, 
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The  purified  substance  when  crystallized  rapidly  from  alcohol  sep- 
arates in  short,  colorless  microscopic  prisms.  On  slow  crystallization, 
some  also  separates  in  large,  thin,  feathery  plates  of  pearly  luster.  It 
melts  with  decomposition  at  about  274-7®  (imcor.).  It  dissolves  in 
concentrated  sulfuric  acid  to  a  colorless  solution,  and  also  forms  a  color- 
less salt  with  an  absolute  alcohol  solution  of  sodium  ethylate  which  dis- 
solves on  dilution. 

In  spite  of  the  analytical  result  above,  the  absence  of  color  from  the 
compound  and  its  salts  renders  it  very  doubtful  as  to  whether  it  is  a  ph thai- 
one  at  all.  Unfortunately,  not  enough  of  the  material  was  isolated  for 
a  complete  analysis. 

6'NitrO'4'Qmnazolon€-2'Phtkalone,  OjN.CgH^ONa.CpHgOaN.— 6-Nitro- 
2-methyl-4-quinazolone  was  heated  with  an  equal  weight  of  phthalic 
anhydride  for  two  hom^  at  about  210*^.  A  pasty  mass  was  obtained 
which  soon  turned  yellow.  The  cold  melt  was  pulverized,  thoroughly 
extracted  with  boiling  water,  the  residue  dried  and  then  heated  for  half 
an  hour  with  an  absolute  alcoholic  solution  of  sodium  ethylate.  The  choc- 
olate-colored salt  thus  obtained  was  removed  by  filtration  from  the  well- 
cooled  solution.  By  using  a  sodium  hydroxide  solution  of  the  proper 
concentration,  certain  dark  colored  impurities  were  extracted  without 
dissolving  much  of  the  salt.  The  crude  orange-red  salt  remaining  was  then 
washed  through  the  filter  with  boiling  water,  and  on  acidifying  the  fil- 
trate with  acetic  acid  the  light  yellow  nitro-phthalone  precipitated. 
This  was  crystallized  twice  from  nitrobenzene,  washed  thoroughly  with 
alcohol,  glacial  acetic  acid  and  ether,  dried  at  110°  and  analyzed: 

Found:  N,  12.83.    Calculated  for  CiyHjOaNgt  N,  12.54. 

The  purified  substance  forms  ochre-yellow,  minute  crystals,  not  melting 
below  355°  (uncor.).  It  is  very  diflScultly  soluble  in  hot,  glacial  acetic 
acid,  and  practically  insoluble  'in  cold  alcohol,  ether,  or  water.  The 
orange-red  water-soluble  sodium  salt  slowly  hydrolyzes  to  the  phthalone 
when  its  aqueous  solution  is  boiled.  The  phthalone  boiled  with  an  ab- 
vsolute  alcoht)l  solution  of  sodium  ethylate  forms  a  drab  salt,  which  changes 
to  orange  on  the  addition  of  a  little  water,  and  deposits  the  orange-red 
salt  when  this  diluted  solution  is  boiled.  Eibner  and  Lange*  found  that 
nitro-quinophthalone  lost  its  nitro  group  when  boiled  with  dilute  acids 
or  alkalies,  but  we  did  not  observe  anything  of  this  kind  with  the  nitro- 
quinazolone  phthalone  above. 

7  -  Acetamino  -  4  -  Quinazolone  -  2  -  Phthalone,  CHjCONH.CgH^ON,. 
CH  :  CjOj  :  CgH^. — 7- Acetamino-2-methyl-4-quinazolone' was  heated  with 
slightly  more  than  an  equal  weight  of  phthalic  anhydride  for  three  hours 
at  about  220°.     Slow  evolution  of  water  began  at  about  190°  and  con- 

^  Loc.  cU. 

'Bogert,  Amend  and  ChamberB,  This  Journal,  32,  1301  (1910). 


SBS8ARCHBS  ON  QUINAZOLINBS.  I99 

tinued  as  the  temperature  rose,  and  the  mass  which  was  pasty  at  first 
gradually  hardened  and  became  a  yellowish  brown.  The  cold  melt  was 
pulverized  and  thoroughly  extracted  with  boiling  water,  to  remove  un- 
changed initial  materials  and  then  washed  with  a  little  cold  alcohol  to 
remove  a  brown  impurity.  The  residue  was  heated  for  half  an  hour 
with  an  absolute  alcohol  solution  of  sodium  ethylate,  the  mixture  allowed 
to  cool,  the  dark  brownish  red  salt  filtered  out  and  ground  to  a  paste 
with  hot  water,  forming  a  yellowish  brown,  difficultly  soluble  salt,  which 
was  converted  to  the  phthalone  by  acidifying  with  acetic  acid.  The 
crude  phthalone  was  washed  thoroughly  with  hot  water,  dried,  and  boiled 
ten  minutes  with  acetic  anhydride  and  a  little  fused  sodium  acetate,  to 
icacetylate  any  liberated  amine.  The  mixture  was  diluted  with  a  large 
volume  of  water,  boiled,  and  allowed  to  cool.  The  flocculent  precipitate 
was  filtered  out,  washed  with  hot  water,  recrystallized  twice  from  glacial 
acetic  acid,  and  analyzed: 

Found:  N,  12.28.  Calculated  for  C,^„04N,:  N,  12. ix. 
It  separates  from  glacial  acetic  acid  in  a  voluminous  mass  of  minute, 
^fisteoing,  bright  yellow  plates,  which  do  not  melt  below  356°  (imcor.). 
It  is  soluble  in  hot  nitrobenzene  or  hot  amyl  alcohol,  but  insoluble  in 
ether.  Attempts  to  split  off  the  acetyl  group  by  alkali  or  acid  resulted 
nnsatisfactorily,  the  products  showing  a  nitrogen  content  between  that 
of  the  acetamino  and  that  of  the  amino  compound.  This  was  wholly 
unexpected,  as  the  7'acetamino-2-methyl-4-quinazolone  itself  can  be 
de-acetylated  quite  easily. 

2'MeAyl'3'Ethyl'4'Quinazolone,  C^,.N.CO.CeH^.N  :  CCH,,  was  pre- 
pared by  slowly  adding  acetanthranil  to  an  excess  of  a  hot  (approxi- 
mately 25%)  aqueous  solution  of  ethylamine  containing  a  few  drops 
of  potassium  hydroxide  solution,  boiling  for  a  few  minutes  and  then  allow- 
ing the  solution  to  cool.  An  oil  separated  which  finally  solidified,  and 
was  then  recrystallized  twice  from  dilute  alcohol,  dried  to  constant 
weight  in  a  vacuum  desiccator  and  analyzed : 

Found:  N,  15.30.    Calculated  for  C,iH,20N,:  N,  14.89. 

Fme  colorless  needles,  which  melt  at  67**  (cor.).  It  is  very  easily 
soluble  in  alcohol,  ether,  acetone,  chloroform  or  benzene;  less  readily 
soluble  in  hot  water  or  petroleum  ether. 

Its  dUorplaiinaie  forms  orange  needles,  decomposing  at  about  229^ 
(uncor.) : 

Pound:  Pt,  24.75.    Calculated  for  (C„H„ON,)^,Ptae:  Pt,  24.83. 
It  is  difficultly  soluble  in  alcohol,  more  readily  soluble  in  water. 

AcetanthranUic  Ethylamide,  C2H5NHCO.Q,H,.NHCOCH„  was  isolated 
as  a  by-product  in  the  course  of  one  of  the  experiments  for  the  preparation 
of  the  2-methyl-3-ethyl-4-quinazolone   when  no   potassium   hydroxide 
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was  added  to  the  ethyl  amine  solution.  It  was  easily  separated  from  the 
quinazolone  by  fractional  crystallization  from  dilute  alcohol,  in  which 
the  amide  is  much  the  less  soluble.  It  was  recrystallized  twice  from 
alcohol  and  analyzed : 

Found:  N,  13.83.    Calculated  for  CnHj^OaNa:  N,  13.59. 

It  forms  transparent  prismatic  plates,  m.  p.  139.5-140.5®  (cor.),  which 
are  easily  soluble  in  alcohol  or  chloroform;  moderately  soluble  in  ether, 
carbon  tetrachloride,  benzene  or  hot  water. 

3'Ethyl'4-Qmnazolone-2'Phihalone,  CjHg.CgH^ONj.CgHgOj. — When  a  mix- 
ture of  about  equal  weights  of  2-methyl-3-ethyl-4-quinazolone  and  phthalic 
anhydride  was  heated,  a  clear  yellowish  brown  melt  resulted  at  about 
160®.  Steam  began  to  escape  when  the  temperature  w^-s  raised  to  190*^ 
and  the  melt  boiled  vigorously  at  200°  (uncor.).  Heating  was  continued 
at  the  latter  temperature  for  five  hours  and  a  half.  The  product  was  a 
dark  red,  translucent  viscous  mass  which,  when  left  in  contact  with  alcohol 
for  several  days  at  room  temperature,  gradually  disintegrated,  giving 
a  deep  red  solution  and  depositing  lemon-yellow  needles.  The  latter 
were  filtered  off  and  washed  with  a  little  alcohol.  An  additional  crop 
of  these  yellow  needles  was  recovered  by  concentrating  the  mother- 
liquor.  The  final  filtrate  on  dilution  with  water  deposited  a  dark  red 
oil.  The  yellow  needles  were  wanned  with  an  absolute  alcohol  solution 
of  sodium  ethylate  for  half  an  hour  at  100°,  and  sufiicient  water  then  added 
to  bring  all  into  solution.  This  deep  orange  solution  of  the  sodium 
salt  was  acidified  with  acetic  acid  and  the  light  yellow  phthalone  pre- 
cipitated.  The  precipitate  was  thoroughly  washed  with  hot  water  and  hot, 
very  dilute  acetic  acid,  and  dried.  Yield,  14.3%.  The  product  was 
tribo-electric.  On  recrystallization  from  strong  acetic  acid,  it  lost  its 
tribo-electric  properties: 

Found:  N,  9.04,  9.05.    Calculated  for  C,,H,,0,N2:  N,  8.81. 

From  alcohol  it  crystallizes  in  beautiful  bright  yellow,  glistening,  pris- 
matic needles,  showing  a  faint  greenish  fluorescence.  It  melts  at  198.5*^ 
(cor.),  and  is  extremely  soluble  in  chloroform;  easily  soluble  in  glacial 
acetic  acid;  moderately  soluble  in  alcohol  or  strong  acetic  acid;  diflScultly 
soluble  in  methyl  alcohol  or  acetone;  and  very  difficultly  soluble  in 
ether. 

By  the  action  of  heat  alone,  only  a  very  slight  condensation  was  brought 
about  between  phthalic  anhydride  and  2,3-dimethyl-4-quinazolone. 
A  mixture  of  yellow  and  brown  crystals  was  isolated  from  the  melt,  but 
the  amount  was  too  small  to  enable  us  to  separate  any  pure  phthalone. 
When  the  condensation  was  conducted  in  presence  of  zinc  chloride,  only 
a  tarry  mass  was  obtained. 

2-Methyl-3-phenyl-4-quinazolone  and  phthalic  anhydride,  when  con- 
densed in  presence  of  zinc  chloride,  likewise  gave  a  tar,  from  which  no 
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pure  phthalone  could  be  recovered.     In  absence  of  zinc  chloride,  the 
effort  to  get  the  phthalone  also  proved  futile. 

2-Methyl-3-acetaniino-4-quinazolone*  and  phthalic  anhydride  condensed 
at  220°  with  evolution  of  water,  forming  a  violet-brown  substance  which 
dissolved  in  alkalies  to  a  brown  solution,  and  from  which  it  was  reprecipi- 
tated  by  acetic  or  dilute  sulfuric  acid.  Not  enough  of  the  material  was 
obtained  for  further  investigation. 

Xsw  Tone  City. 


THE  LEAF-OIL  OF  THE  WASHINGTON  CEDAR  (THUJA  PLICATA). 

By  Robbxt  Etstafisff  Robb  and  Cakl  LnriNOsxoN. 
Received  December  12,  1911. 

The  leaf  oil  of  the  Washington  cedar  (thuja  plicaia)  has  not  been  ex* 
amined  chemically  save  by  I.  W.  Brandel  who  published  a  short  note 
oo  its  composition.'  The  investigation  referred  to  being  only  in  the 
oatttre  of  an  approximate  analysis,  the  authors  thought  it  advisable  to 
undertake  a  more  detailed  study  of  the  oil,  the  results  of  which  follow: 
It  may  be  mentioned  that  the  conclusions  reached  differ  very  appreciably 
irom  those  of  Brandel.' 

On  steam  distillation  at  ioo°,  the  leaves  and  twigs  of  thuja  plicata 
yfeld  about  i  %  of  a  clear,  light  yellow  oil  which  possesses  the  character- 
istic odor  of  cedar  boughs. 

The  following  constants  were  found:  Djq*,  0.913;  ng^*,  1.4552;  [a:]i?*, 
~~4'77°;  acid  number,  0.518;  ester  number,  2.28;  saponification  number, 
2.8;  acetylation  number,  8.8. 

An  elementary  analysis  showed  the  absence  of  sulfur  and  nitrogen, 
whfle  the  percentage  composition  (C  =  78.6;  H  =  10.4)  agreed  very 
closely  with  that  of  a  bicyclic  ketone,  Cj^Hj^O  (calc.  C  =»  78.04;  H  = 
10.52).  The  oil  contained  no  phenols  and  was  soluble  in  all  proportions 
in  anhydrous  organic  solvents  and  in  70%  ethyl  alcohol. 

A  fractional  distillation  under  reduced  pressure  showed  that  85%  of 
the oU  boiled  between  100  and  iio^  under  40  mm.  The  small  fraction 
(about  4%)  boiling  below  100^/40 mm.  gave  D200O.851,  ng^'  1.4609,  [aj^  * 
+36.8**  and  was  chiefly  composed  of  pinene,  which  was  identified  by  the 
preparation  of  the  nitrosochloride  melting  at  103**.  The  main  fraction 
was  repeatedly  distilled  and  yielded  thus  an  oil  boiling  at  103-104°  under 
40  mm.,  which  was  found  to  be  thujone  by  the  following  constants  and 
derivatives: 

I>20»'  0-9152;  ng>*,  1.4530;  [all?',  — II.58''- 

*  Bogert  and  Gortner,  This  Journai<,  31,  946  (i909)« 

'  Pkarm.  Rev.,  26,  248. 

*Loc.cft. 
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Derivatives:  tribromide,  melting  point  121-122®;*  semicarbazone,' 
melting  point  186-188®  (from  methyl  alcohol);  tanacetone  keto  carbonic 
add,'  melting  point  75-76®. 

The  reaction  with  hydroxylamine  gave  an  oily  oxime  which  crystallized 
only  partially  after  standing  for  several  months,  which  fact,  together 
with  the  observed  laevo  rotation — ^a  rotation,  it  may  be  noted,  slightly 
higher  than  any  previously  recorded — ^further  characterized  the  sub- 
stance as  a-thujone. 

The  fraction  boiling  from  100-103^/40  mm.  (Djqo,  0.8975 ;  ng^**,  1.4549; 
[«]d  *>  — ^'^^  ^)  ^^^  tested  for  fenchone,  since  that  ketone  has  been  isolated 
from  the  oil  of  thuja  occidentalis.  Using  Wallach's  method — oxidation 
with  potassium  permanganate,  steam  distillation,  further  oxidation  with 
concentrated  nitric  acid,  and  recovery  of  the  unaltered  fenchone  by 
distillation  in  steam — only  a  few  drops  of  oil  were  obtained  which  were 
heavier  than  water  and  in  which  no  fenchone  was  found.  An  attempt 
to  prepare  the  oxime  of  the  ketone  after  removal  of  the  thujone  by  oxida- 
tion was  equally  unsuccessful.  The  authors  conclude,  therefore,  that 
fenchone  is  not  present  as  stated  by  Brandel.* 

The  residue  (about  5%)  boiling  above  110^/40  mm.  (Djo*,  0.980) 
was  dark  brown  in  color  and  had  an  odor  of  stewed  prunes.  This  was 
hydrolyzed  with  alcoholic  potash,  steam  distilled,  and  fractionated.  A 
light  yellow  oil  was  obtained  whose  constants  show  it  to  be  tanacetyl 
alcohol  (D250,  0.9266 ;  njf' ,  1 .46207 ;  [  a]^^*,  +  29.8 ;  boiling  point  at  757  mm., 
210-220®),  probably  present  as  acetate  in  the  original  oil. 

From  the  above  results,  the  authors  conclude  that  the  volatil  oil  of 
thuja  plicata  is  composed  of  80-85%  thujone,  3-5%  pinene,  1-2%  tan- 
acetyl acetate,  1-3%  tanacetyl  alcohol,  leaving  about  10%  to  be  accounted 
for  by  loss  due  to  formation  of  resin  during  distillation  and  experimental 
losses. 

DBPARTlfBNT  OP  CHBaJISTRY. 
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States  Department  of  Agriculture.] 

THE  UNIFICATION  OF  REDUCING  SUGAR  METHODS.     (A  COR- 
RECTION.) 

By  Pbrcy  H.  Walkbr. 

Mr.  M.  N.  Straughn,  of  the  sugar  laboratory  of  this  bureau,  has  recently 
called  attention  to  certain  errors  in  the  tables  for  lactose  given  in  the 

*  WaUach,  Ann.,  275,  179;  286,  109. 
»Wallach, /Wa.,  336,  251. 

*  Wallach,  Ibid.,  272,  113;  275,  164.  Senunler,  Ber.,  25,  3307.  Tiemann  and  Semin- 
kr,  Ber,,  30,  431. 

*  Loc.  c%i. 
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article  published  in  This  Journal,  29,  541-554.  Table  III,  on  page 
544,  giving  a  comparison  of  determined  and  calculated  figiu'es  on  cuprous 
oxide  for  definit  amounts  of  sugar,  is  correct,  while  Table  IV,  beginning 
^  P^  545  ^^^  giving  the  amounts  of  sugar  for  each  milligram  of  cuprous 
oxide  from  10-490,  contains  errors  in  the  lactose  column,  the  figures 
disagreeizig  with  the  preceding  table.  These  tables  were  used  in  compiling 
the  tables  given  in  Bureau  of  Chemistry,  BtUl.  107,  revised,^  pages 
243-251,  which  have  been  used  quite  generally  for  several  years,  and  Mr. 
Straugim  has  been  the  first  to  call  attention  to  this  discrepancy,  A 
careful  examination  of  the  original  notes  showed  that  there  are  two 
oisprints  in  the  values  given  in  the  Journal  for  a,  6,  and  c,  to  be  substituted 
in  the  equation  y  ^  a  -{-  hx  -^  cx^  where  y  =  cuprous  oxide  and  x  =  re- 
ducing sugar,  the  values  of  a,  6,  and  c  being  calculated  from  the  deter- 
minations made  by  the  method  of  least  squares  as  used  by  Allihn.'  The 
original  article  gives  the  accepted  values  for  lactose  as  follows : 

a  ^  4  1759 
6=1. 148697 

c  «=  0.00009 

The  true  values  which  were  actually  used  in  making  the  calculations 

8e: 

o^   =   4.1759 
b   =   1.48697 

c   =  — 0.00009 

As  before  stated,  the  calculations  appearing  in  Table  III  are  correct, 
but  in  Table  IV  errors  occur  in  the  figures  in  columns  3,  4,  and  5,  while 
the  figures  in  columns  6  and  7  are  correct.  The  values  in  column  4  were 
calculated  from  the  equation  for  certain  fixed  weights  of  cuprous  oxide, 
and  the  intermediate  values  obtained  by  interpolation,  columns  3  and  5 
being  then  derived  in  a  similar  manner  from  column  4.  Table  I  of  this 
article  shows  a  comparison  of  the  values  as  given  in  Tables  III  and  IV 
of  the  original  article  and  also  the  corresponding  values  taken  from  the 
^calculated  table. 

It  is  impossible  to  say  how  the  errors  occurred,  since  the  sheets  on 
^ch  the  calculations  were  made  were  destroyed  shortly  after  the  article 
was  published.  It  is  obvious,  however,  that  such  errors  are  entirely 
too  great  to  appear  in  a  table  of  this  character;  the  figures  have,  there- 
fore, been  recalculated  from  the  original  data,  and  in  Table  II  the  cor- 
rected values  for  anhydrous  lactose  (CuHj^Oj,),  and  crystallized  lactose* 

'  The  final  tables  as  given  in  Bureau  of  Chemistry,  Bull,  Z07,  revised,  Official 
and  Provisional  Methods  of  Analysis,  pp.  243-251,  also  call  for  the  corrections  as  shown 
ia  Table  II. 

V-  prakl.  Chem.,  22,  46  (iSSo). 

*  The  lactose  actually  used  in  determining  the  values  from  which  these  tables  are 
calculated  was  crystallized  lactose  of  the  composition  CuHaO„VtH,0. 
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(Ci,H330jiV2H20),  and  crystallized  lactose  (CjjHjjOjiHjO)  are  given  for 
each  milligram  of  cuprous  oxide  from  lo  to  490. 

Tablb  I. — Showing  Milligrams  of  Cuprous  Oxide  as  Detbrmined,  as  Originally 

Calculated,  and  as  Recalculated. 

MiUigrams  of  CuaO. 

(1)  (3) 

Millisrams                                  (2)                    Calculated                 (4)  (5) 

of  lactase                              Actually                from  equa-           As  ffiven  As  given 

(Ci3H3yOii                              obtained              tiony«>a+          In  orisinal  in  recalcu- 

4-IH2O).                                in  work.                bx+cx*.                Uble.  lated  table. 

20 33.0                     33.9                     33.9  33.9 

40 63.2                     63.5                     63.7  63.5 

60 92.9                     93.1                     93.4  93.0 

80 123.9        122.6        123. 1  122.6 

100 154-1        152. 0        1530  152.0 

120 180.6        181. 3        182.7  181. 3 

140 210.7                  210.6                  212.6  210.6 

160 239.4                  239.8                  242.3  239.7 

180 268.0                  269.0                  272.1  268.9 

200 297.1                  298.0                  302.0  298.0 

220 326.8                 3270                 331-7  326.9 

240 356.1                  355.9                 361.6  355.9 

260 384.4                 3S4-7                 3914  384-7 

280 4139                 4135                 421.3  413.4 

300 443  I                 442.2                 451-1  442.1 

320 470.3                 470.8                 481.0  470.7 

Colunins  1,2,  and  3  are  taken  from  Table  III,  original  article,  Tms  Journal,  2^ 
544  (1907). 

Column  4  is  taken  from  Table  IV  of  the  original  article  and  as  given  in  Bureau  of 
Chemistry,  Bull.  107,  revised,  pp.  243-251. 

Column  5  is  taken  from  Table  II  of  this  article. 

Table  II. — ^Table  for  Calculating  Lactose. 

[Expressed  in  milligrams.] 

Cu-                                           Lactose.                       Cu-  Lactose. 

prous                       «                         »  prous                       >  •                          » 

oxide       Copper      (Ci2H32  (CizHssOn     (CisHja     oxide       Copper      (CnHaa  (CisHnOn  -  (C19H29 

(CU2O).       (Cu).           On).         iHaO).      OuHaO).  (CU2O).      (Cu).          On).  tHsO).      OuUsO). 

10  8.9              3.8              3.9             4.0           25           22.2            13.7  14.0           14.4 

11  9-8          4-5          4-6          4-7         26         23.1         14.3  14.7         15. i 

12  10.7           5.1           5.3           5.4         27         24.0         15.0  15.4         15.8 

13  II. 5           5.8           5.9           6.1         28         24.9         15.6  16. I         16.5 

14  12.4           6.4           6.6           6.8         29         25.8         16.3  16.7         17. I 

15  13-3           71           7-3           7-5         30         26.6         16.9  17.4         17.8 

16  14.2           7.8          8.0          8.2         31         27.5         17.6  18. I         18.5 

17  15. I           8.4          8.6          8.9         32         28.4         18.3  18.7         19.2 

18  16.0          9.1           9.3          9.5         33         29.3         18.9  19.4         19.9   ' 

19  16.9          9.7         10. o         10.2         34        30.2         19.6  20. I         20.6 

20  17.8         10.4         10.7         10.9         35         31. 1         20.2  20.8         21.3 

21  18.7         II. o         II. 3         II. 6        36        32.0        20.9  ^1.4         22.0 

22  19.5         II. 7         12.0         12.3         37         32.9         21.5  22.1         22.7 

23  20.4         12.3         12.7         13.0        38         33.8         22.2  23.8         23.4 

24  81. 3         13.0         13.4         13.7         39        34.6        22.8  23.5         24.1 
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Table  II  {Continued). 


Cb- 

LactoM. 

Cu- 

Laetoae. 

prvaS 

(side 
(CajO). 

Copper 

(Cu). 

(CijHw  (C1JH22O11 
0„).         fHaO). 

(CiaHw 
OiiHaO). 

prous 

oxide 

(CujO). 

Copper 
(Cu). 

(C12H23 
o„). 

n«' 

(C«H« 
OiiHjO). 

40 

35-5 

23-5 

24.1 

24.8 

85 

75-5 

53- 1 

54  6 

56.0 

4' 

36.4 

24.2 

24.8 

25-4 

86 

76.4 

53-8 

55-2 

56.6 

42 

37.3 

24.8 

255 

26.1 

87 

77.3 

54.5 

55  9 

57-3 

43 

38.2 

255 

26.2 

26.8 

88 

78.2 

55> 

56.6 

58.0 

44 

39  I 

26.1 

26.8 

275 

89 

79- 1 

55-8 

57-3 

58.7 

45 

40.0 

26.8 

27.5 

28.2 

90 

79.9 

56.4 

58.0 

59-4 

46 

40.9 

27 -4 

28.2 

28.9 

91 

80.8 

57' 

58.6 

60.x 

47 

41 -7 

28.1 

28.9 

29.6 

92 

81.7 

57.8 

59-3 

60.8 

48 

42.6 

28.7 

295 

30.3 

93 

82.6 

58.4 

60.0 

6X.5 

49 

43-5 

29.4 

30.2 

31.0 

94 

83.5 

59.' 

60.7 

62.2 

50 

44-4 

30.1 

309 

317 

95 

84.4 

59.7 

61.3 

62.9 

51 

45-3 

30.7 

31-5 

32.4 

96 

85.3 

60.4 

62.0 

63.6 

52 

46.2 

314 

32.2 

33.0 

97 

86.2 

61. X 

62.7 

643 

53 

47- 1 

32.1 

32.9 

33-7 

98 

87.0 

61 .7 

634 

65.0 

54 

48.0 

32.7 

33  6 

34-4 

99 

87.9 

62  .4 

64.0 

65-7 

55 

48.9 

33.4 

34.3 

351 

100 

88.8 

63.0 

64.7 

66.4 

56 

49.7 

340 

34.9 

35-8 

lOX 

89.7 

63.7 

65  4 

67.x 

57 

50.6 

34.7 

35.6 

36.5 

102 

90.6 

64.4 

66.x 

67.8 

58 

51.5 

35.4 

36.3 

37.2 

103 

fi-5 

65.0 

66.7 

68.5 

59 

52.4 

36.0 

37  0 

37.9 

104 

92.4 

65.7 

67.4 

69.1 

60 

53-3 

36.7 

37-6 

38.6 

105 

93.3 

66.4 

68.1 

69.8 

61 

54-2 

37-3 

38.3 

39-3 

106 

94.2 

67.0 

68.8 

70.5 

62 

55- 1 

38.0 

39  0 

40.0 

107 

95  0 

67.7 

69  5 

7X.2 

63 

.56.0 

38.6 

39-7 

40.7 

108 

95.9 

68.3 

70.x 

71-9 

64 

56.8 

39.3 

40.3 

41.4 

109 

96.8 

69.0 

70.8 

72.6 

65 

57-7 

40.0 

41.0 

42.1 

no 

97-7 

69.7 

71.5 

73.3 

66 

58.6 

40.6 

4X-7 

42.8 

1X1 

98.6 

70.3 

72.2 

74-0 

67 

59-5 

41-3 

42.4 

43-5 

112 

99-5 

7X.0 

72.8 

74.7 

68 

60.4 

41.9 

43.1 

44.2 

"3 

100.4 

71 .6 

73.5 

75.4 

69 

61.3 

42.6 

43.7 

44  8 

"4 

roi .  3 

72.3 

74-2 

76.x 

70 

62.2 

43.3 

44-4 

45-5 

"5 

102. 1 

730 

74-9 

76.8 

71 

63.1 

43-9 

45.1 

46.2 

116 

X03.0 

73.6 

75-6 

77-5 

72 

64.0 

44.6 

45.8 

46.9 

117 

103.9 

74-3 

76.2 

78.2 

73 

64.8 

45.2 

46.4 

47.6 

118 

X04.8 

750 

76.9 

78.9 

74 

65.7 

45-9 

47.1 

48.3 

119 

105.7 

75-6 

77.6 

79.6 

75 

66.6 

46.6 

47.8 

49 -o 

120 

106.6 

76.3 

78.3 

80.3 

76 

67.5 

47-2 

48.5 

49-7 

I2X 

107.5 

76.9 

79  0 

81.0 

77 

68.4 

47.9 

49.1 

50.4 

122 

108.4 

77.6 

79.6 

8X.7 

78 

69.3 

48.5 

49.8 

511 

123 

109.3 

78.3 

80.3 

82.4 

79 

70.2 

49.2 

50.5 

518 

124 

TIO.I 

78.9 

8x.o 

83.1 

80 

71.1 

49-9 

512 

52.5 

125 

III  .0 

79.6 

81.7 

83.8 

81 

71.9 

50.5 

51.9 

53.2 

126 

III  .9 

80.3 

82.4 

845 

82 

72.8 

51-2 

52.5 

53.9 

127 

1X2. 8 

80.9 

83.0 

85.2 

83 

73.7 

51-8 

53.2 

54-6 

128 

"3-7 

8x.6 

837 

85.9 

84 

74,6 

52.5 

53-9 

55-3 

129 

1x4.6 

82.2 

84.4 

86.6 

2o6 
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Table  II  {Continued). 

Cu- 

Lactose. 

Cu- 

Lactose. 

pTOuS 

oxide 
(CuaO). 

Copper 

(Cu). 

(CijHss 
Ou). 

(CjHjsOu 

JHaO).      i 

(Ci3Hs2      oxide 
0ixH2O).(Cu8O). 

Copper 
(Cu). 

(CisHsa  (CisHaaOii 
0„).         iHaO). 

(CtaH„ 
OnHjO) . 

130        1 

LI5.5 

82.9 

85.1 

873 

175       1 

^55-4       1 

112. 8 

II5-7 

118.7 

131        1 

[16.4 

83.6 

85 -7 

88.0 

176       1 

^56. 3        1 

tl3.4 

116.4 

119.4 

132        1 

[17.2 

84.2 

86.4  . 

88.7 

177        1 

1572        ] 

114.1 

117.1 

120.  I 

133        1 

118. 1 

84.9 

87.1 

89.4 

178       : 

158.1        ] 

[I4.8 

117. 8 

120.8 

134        1 

[I9.0 

85.5 

87.8 

90.1 

179  ,    1 

159.0        ] 

fi5-4 

118.4 

121.5 

135        ^ 

[19.9 

86.2 

88.5 

90.8 

180       ] 

'59-9       1 

[16.1 

119. 1 

122.2 

136        1 

[^0.8 

86.9 

89.1 

91-5 

181       ] 

[60.8       1 

[16. 7 

119. 8 

122.9 

137        1 

f21.7 

87-5 

89.8 

92.1 

182       ] 

[61.7        1 

[17.4 

120.5 

123.6 

138        J 

[22.6 

88.2 

90.5 

92.8 

183       ] 

162.5       ] 

[18.1 

121 .2 

124-3 

139        J 

^23-5 

88.9 

91 .2 

93-5 

184       ] 

163.4       1 

[18.7 

121. 8 

125.0 

140        ] 

[24.4 

89.5 

91.9 

94.2 

185       ] 

164.3       1 

[19.4 

122.5 

125-7 

141        ] 

[25.2 

90.2 

92.5 

94-9 

186       1 

[65.2        ] 

[20.  I 

123.2 

126.4 

142        1 

[26.1 

90.8 

93-2 

95-6 

187       1 

[66.1        ] 

[20.7 

123.9 

127.1 

143        1 

127.0 

91-5 

93-9 

96.3 

188       ] 

[67.0       1 

[21.4 

124.6 

127.8 

144        ] 

127.9 

92.2 

94-6 

97  0 

189       ] 

[67.9       ] 

[22.1 

125.3 

128.5 

145        1 

[28.8 

92.8 

95.3 

97-7 

190       : 

[68.8       ] 

[22.7 

125-9 

129.2 

146        ] 

[29.7 

93-5 

95-9 

98.4 

191        ] 

[69.7        1 

'23-4 

126.6 

129-9 

147        ] 

130-6 

94.2 

96.6 

99.1 

192       : 

[70.5       ] 

[24.1 

127-3 

130.6 

148        ] 

^31-5 

94.8 

97.3 

99.8 

193       ] 

[71.4       ] 

124-7 

128.0 

131.3 

149        ] 

^32. 3 

95-5 

98.0       J 

100.5 

194       ] 

172.3       1 

125-4 

128.7 

132.0 

150        1 

'33-2 

96. 1 

98.7       J 

[OI  .2 

195       1 

[73.2        ] 

[26.1 

129.4 

132-7 

151        1 

^34-1 

96.8 

99.3       J 

[01.9 

196       1 

174.1        1 

[26.7 

130.0 

133-4 

152        1 

t350 

97.5 

100. 0       ] 

[02.6 

197       ] 

[75.0       ] 

127.4 

130.7 

134.1 

153        1 

135.9 

98.1 

100.7       ^ 

103.3 

198       ] 

^75-9       1 

[28.1 

131-4 

J34-8 

154        1 

[36.8 

98.8 

101.4       ^ 

[04.0 

199       3 

[76.8       ] 

[28.7 

132.1 

1355 

155        ^ 

1377 

99-5 

102 . I       ] 

[04.7 

200       1 

[77.6       1 

[29.4 

132.8 

136.2 

156        ] 

138.6 

100. 1 

102.8       ] 

105.4 

20J        ] 

178.5       ] 

130.0 

133-5 

136.9 

»57       .^ 

139-5 

100.8 

103.4       1 

[06.1 

202       ] 

[79.4       1 

^30.7 

134-1 

137 -6 

158       ) 

140.3 

101.5 

104 . I        ] 

[06.8 

203       ] 

[80.3       ] 

131. 4 

134-8 

138.3 

159       ^ 

[41.2 

102. 1 

104.8       ] 

107.5 

204       1 

[81.2        ] 

t32.o 

135-5 

139.0 

160       1 

[42.1 

102.8 

105.5       ^ 

[08.2 

205       ] 

[82.1        ] 

132.7 

136.2 

139-7 

161        1 

1430 

103.4 

106.2        ] 

[08.9 

206       ] 

[83.0       ] 

133-4 

136.9 

140.4 

163        ] 

143-9 

104. 1 

106.8       ] 

[09.6 

207       1 

183.9       1 

^34-0 

137-6 

141. 1 

163       1 

[44.8 

104.8 

107.5       3 

no. 3 

208       ] 

[84.8       1 

134-7 

138.3 

141. 8 

164       1 

145-7 

105.4 

108 . 2       ] 

[II  .0 

209       ] 

[85.6       ] 

t35-4 

138.9 

142.5 

165       1 

[46.6 

106. 1 

108.9       ^ 

[11. 7 

210       ] 

186.5       J 

[36.0 

139-6 

143 -2 

166       ] 

^47- 4 

106.8 

109.6       ] 

[12. 4 

211        ] 

187.4       1 

136.7 

140.3 

143 -9 

167       1 

148.3 

107.4 

no. 3       ] 

ri3.i 

212        ] 

188.3       1 

^37-4 

141 .0 

144.6 

x68       : 

149-2 

108. 1 

no. 9       ] 

[13.8 

213       ] 

[89.2        J 

[38.0 

141-7 

145.3 

169       ] 

tSO.i 

108.8 

III .6       1 

II4-5 

214       ] 

190. 1        ] 

^38.7 

142.4 

146.0 

170       ] 

1510 

109.4 

112. 3       ] 

[15-2 

215       1 

[91.0       ] 

139.4 

143  0 

146.7 

171       1 

t5i-9 

110. 1 

X130       ] 

115-9 

216       ] 

[91.9       ] 

[40.0 

143 -7 

147-4 

172       ] 

152.8 

no.  8 

II3-7       1 

[16.6 

217       ] 

[92.7        1 

[40.7 

144.4 

148. 1 

173       5 

1537 

III  .4 

"4-3       ] 

II7-3 

218       ] 

[93.6       ] 

[41.4 

145-1 

148.8 

174       ] 

154-6 

112. 1 

115-0       J 

[18.0 

219       ] 

194-5       ^ 

[42.0 

145-8 

149.5 
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Table  II  (ConHnued). 


Ca- 


Lactose. 


Cu- 


Lactote. 


pntM 

<CS|0) 

.  ^(§r 

%t' 

""i^^^ 

»  prout 

(C.,H„^     oxide 
0,iH,O).(Cu,O). 

Copper 
(CuV 

o„). 

(CttHnOi 
*H,0). 

1      (CisHtt 
OnfijO). 

220 

195-4 

142.7 

146.5 

150   2 

265 

235.4 

172.8 

177.3 

181.9 

221 

196.3 

143 -4 

147.2 

150.9 

.  266 

236  3 

173-5 

178.0 

182.6 

222 

197.2 

144.0 

147.8 

151    6 

*267 

237 -2 

174.1 

178.7 

183.3 

223 

198. 1 

144.7 

148-5 

152.3 

268 

238.0 

174.8 

179.4 

184.0 

224 

199.0 

145 -4 

149.2 

153  0 

269 

238.9 

175.5 

180. 1 

184.7 

225 

199.8 

146.0 

149-9 

153.7 

270 

239.8 

176. 1 

180.8 

185.4 

226 

200.7 

146.7 

150.6 

154-4 

271 

240.7 

176.8 

181.5 

186.] 

227 

201 .6 

147 -4 

151-3 

155« 

272 

.241 .6 

177.5 

182.  I 

186.8 

228 

202.5 

148.0 

152  0 

155-8 

273 

242.5 

178. 1 

182.8 

187   5 

229 

203.4 

148.7 

152.6 

156-5 

274 

243  4 

178.8 

183.5 

188.2 

230 

204.3 

149.4 

153-3 

157.2 

275 

244.3 

179.5 

184.2 

188.9 

231 

205.2 

150.0 

154  0 

157  9 

276 

245   1 

180.2 

184.9 

189.6 

232 

206. 1 

150-7 

154-7 

158.6 

277 

246 . 0 

180.8 

185.6 

190.3 

233 

207.0 

151-4 

155-4 

159 -3 

278 

246.9 

181.5 

186.3 

191 .0 

234 

207.8 

152.0 

156.1 

160. u 

279 

247.8 

182.2 

187.0 

191.7 

235 

208.7 

152.7 

156.7 

160.7 

280 

248.7 

182.8 

187.7 

192.4 

236 

209.6 

153-4 

157.4 

161 .4 

281 

249.6 

183.5 

188.3 

193. 1 

m 

210.5 

154.0 

158.1 

162. 1 

282 

250.5 

184.2 

189.0 

193.9 

238 

211. 4 

154-7 

158.8 

162.8 

283 

251.4 

184.8 

189.7 

194.6 

239 

212.3 

155-4 

159.5 

163.5 

284 

252.3 

185.5 

190.4 

195-3 

240 

213.2 

156. 1 

160.2 

164  3 

285 

253.1 

186.2 

191 .1 

196.0 

241 

214. 1 

156.7 

160.9 

165.0 

286 

254.0 

186.9 

191.8 

196.7 

242 

214.9 

157.4 

161.5 

165.7 

287 

254.9 

187.5 

192.5 

197.4 

243 

215.8 

158.1 

162.2 

166.4 

288 

255.8 

188.2 

193-2 

198.1 

244 

216.7 

158.7 

162.9 

167.1 

289 

256.7 

188.9 

193.8 

198.8 

245 

217.6 

1594 

163.6 

167.8 

290 

257.6 

189.5 

194.5 

199.5 

246 

218.5 

160.1 

164.3 

168.5 

291 

258.5 

190.2 

195.2 

200.2 

247 

219.4 

160.7 

165.0 

169.2 

292 

259.4 

190.9 

195 -9 

200.9 

248 

220.3 

161 .4 

165.7 

169.9 

293 

260.2 

191.5 

196.6 

201 .6 

249 

221.2 

162. 1 

166.3 

170.6 

294 

261.1 

192.2 

197.3 

202.3 

250 

222.1 

162.7 

167.0 

171.3 

295 

262.0 

192.9 

198.0 

203.0 

251 

222.9 

163.4 

167.7 

172.0 

296 

262.9 

193.6 

198.7 

203.7 

252 

223.8 

164. 1 

'  168.4 

172.7 

297 

263.8 

194.2 

199.3 

204.4 

253 

224.7 

164.7 

169.1 

173.4 

298 

264.7 

194.9 

200.0 

205 : 1 

254 

225.6 

165.4 

169.8 

174. 1 

299 

265 . 6 

195.6 

200.7 

205.8 

255 

226.5 

166.1 

170.5 

174-8 

300 

266 . 5 

196.2 

201 .4 

206.6 

256 

227.4 

166.8 

171 . 1 

175.5 

301 

267.4 

196.9 

202. 1 

207 . 3 

257 

228.3 

167.4 

171.8 

176.2 

302 

268.2 

197.6 

202  .8 

208.0 

258 

229.2 

168.1 

172.5 

176.9 

303 

269. 1 

198.3 

203 . 5 

208.7 

259 

230.0 

168.8 

173-2 

177.6 

304 

270.0 

198.9 

204.2 

209.4 

260 

230.9 

169.4 

1739 

178.3 

305 

270.9 

199.6 

204.9 

210. 1 

261 

231.8 

170. 1 

174.6 

179.0 

306 

271.8 

200.3 

205.5 

210.8 

262 

232.7 

170.8 

1753 

179-8 

307 

272.7 

201 .0 

206.2 

211. 5 

263 

233-6 

171-4 

176.0 

180.5 

308 

273.6 

201 .6 

206.9 

212.2 

264 

234-5 

172. 1 

176.6 

181.2 

309 

2745 

202.3 

207.6 

212.9 

208 
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Tablb  II  (C<mUnued). 

Cu- 

Lactose. 

Ctt- 

Lactote. 

proui 

oxide 

(Cu/)). 

Copper 
(Cu). 

'^.f"  ^^i'«" 

oiS?5y. 

oxide 
(CuaO). 

W 

^8^«  ^^igs?" 

JXo^. 

310 

2753  * 

203.0 

208.3 

213.7 

355 

315.3 

233.3 

239.4 

245.6 

3" 

276.2 

203.6 

209.0 

214.4 

356 

316.2 

233.9 

240.1 

246.3 

312 

277.1 

204.3 

209.7 

215.1 

357 

317. 1 

234.6 

240.8 

247.0 

313 

278.0 

205.0 

210.4 

215.8 

358 

318.0 

235.3 

241.5 

247.7 

314 

278.9 

205.7 

211. 1 

216.5 

359 

318.9 

236.0 

242.2 

248.4 

315 

279 -8 

206.3 

211. 8 

217.2 

360 

319.8 

236.7 

242.9 

249.1 

316 

280.7 

207.0 

212.5 

217.9 

361 

320.6 

237.3 

243.6 

249.8 

317 

281.6 

207.7 

213. 1 

218.6 

362 

321.5 

238.0 

244.3 

250.5 

318 

282.5 

208.4 

213.8 

219.3 

363 

322.4 

238.7 

245.0 

251.2 

319 

283.3 

209.0 

214.5 

220.0 

364 

323.3 

239.4 

245.7 

252.0 

320 

284.2 

209.7 

215.2 

220.7 

365 

324.2 

240.0 

246.4 

252.7 

321 

285.1 

210.4 

215.9 

221.4 

366 

325.1 

240.7 

247.0 

253.4 

322 

286.0 

211. 0 

2x6.6 

222.2 

367 

326.0 

241.4 

247.7 

254.1 

323 

286.9 

211. 7 

217.3 

222.9 

368 

326.9 

242.1 

248.4 

254.8 

324 

287.8 

212.4 

218.0 

223.6 

369 

327.8 

242.7 

249.1 

255.5 

325 

288.7 

213.1 

218.7 

224.3 

370 

328.6 

243.4 

249.8 

256.2 

326 

289.6 

213.7 

219.4 

225.0 

371 

329 -5 

244.1 

250.5 

256.9 

327 

290.4 

214.4 

220.1 

225.7 

372 

330.4 

244.8 

251.2 

257.7 

328 

291-3 

215. 1 

220.7 

226.4 

373 

331.3 

245.4 

251.9 

258.4 

329 

292.2 

215.8 

221.4 

227. 1 

374 

332.2 

246.1 

252.6 

259.1 

330 

293.1 

216.4 

222.1 

227.8 

375 

333.1 

246.8 

253.3 

259.8 

331 

294.0 

217. 1 

222.8 

228.5 

376 

334.0 

247.5 

254.0 

260.5 

332 

294.9 

217.8 

223.5 

229.2 

377 

334.9 

248.1 

254.7 

261.2 

333 

295.8 

218.4 

224.2 

230.0 

378 

335.7 

248.8 

255.4 

261.9 

334 

296.7 

219. 1 

224.9 

230.7 

379 

336.6 

249.5 

256.1 

262.6 

335 

297.6 

219.8 

225.6 

231.4 

380 

337.5 

250.2 

256.8 

263.4 

336 

298.4 

220.5 

226.3 

232.1 

381 

338.4 

250.8 

257.5 

264.1 

337 

299.3 

221. 1 

227.0 

232.8 

382 

339.3 

251.5 

258.1 

264.8 

338 

300.2 

221.8 

227.7 

233.5 

383 

340.2 

252.2 

258.8 

265.5 

339 

301. 1 

222.5 

228.3 

234.2 

384 

341. 1 

252.9 

259.5 

266.2 

340 

302.0 

223.2 

229.0 

234.9 

385 

342.0 

253 .6 

260.2 

266.9 

341 

302.9 

223.8 

229.7 

235.6 

386 

342.9 

254.2 

260.9 

267.6 

342 

303.8 

224.5 

230.4 

236.3 

387 

343.7 

254.9 

261.6 

268.3 

343 

304.7 

225.2 

231.1 

237.0 

388 

344.6 

255.6 

262.3 

269.0 

344 

305.5 

225.9 

231.8 

237.8 

389 

345.5 

256.3 

263.0 

269.8 

345 

306.4 

226.5 

232.5 

238.5 

390 

346.4 

256.9 

263.7 

270.5 

346 

307.3 

227.2 

233.2 

239.2 

391 

347-3 

257.6 

264.4 

271.2 

347 

308.2 

227.9 

2339 

239-9 

392 

348.2 

258.3 

265.1 

271.9 

348 

309.1 

228.5 

234.6 

240.6 

393 

349-1 

259.0 

265.8 

272.6 

349 

3x0.0 

229.2 

235 -3 

241.3 

394 

350.0 

259.6 

266.5 

273.3 

350 

310.9 

229.9 

235.9 

242.0 

395 

350.8 

260.3 

267.2 

274.0 

351 

3". 8 

230.6 

236.6 

242.7 

396 

351.7 

261.0 

267.9 

274-7 

352 

312.7 

231.2 

237.3 

243.4 

397 

352.6 

261.7 

268.6 

275.5 

353 

3»3.5 

23X.9 

238.0 

244.x 

398 

353.5 

262.3 

269.3 

276.2 

354 

314.4 

232.6 

238.7 

244.8 

399 

354.4 

263.0 

269.9 

276.9 

THB  UNIFICATION  OF  RSDUCING  SUGAR  METHODS. 


209 


Tablb  II  (CofUinued). 

Ca- 

Lactow. 

Ctt- 

Lactow. 

pnu 
oiidc 
(CiijO) 

.^r 

^%5- 

n^^" 

(CisHj. 
OuHkS. 

PItNM 

oxide 

(CuK». 

W 

0„).         iHaO). 

JJi»53. 

400 

355-3 

263.7 

270.6 

277.6 

445 

395.3 

294.2 

302.0 

309.7 

401 

356.2 

264.4 

271.3 

278.3 

446 

396.1 

294.9 

302.7 

310.5 

402 

357  I 

265.0 

272.0 

279-0 

447 

397.0 

295.6 

303.4 

3x1.2 

403 

35»o 

265.7 

272.7 

279.7 

448 

397-9 

296.3 

304.1 

311.9 

404 

358 -8 

266.4 

273-4 

280.4 

449 

398.8 

297,0 

304.8 

^12.6 

405 

359-7 

267.1 

274.1 

281. 1 

450 

399-7 

297.6 

305-5 

313.3 

406 

360.6 

267.8 

274.8 

281.9 

451 

400.6 

298.3 

306.2 

314-0 

407 

361.5 

268.4 

275.5 

282.6 

452 

401.5 

299.0 

306.9 

3147 

408 

362.4 

269.1 

276.2 

283.3 

453 

402.4 

299.7 

307.6 

315.5 

409 

363.3 

269.8 

276.9 

284.0 

454 

403.3 

300.4 

308.3 

316.2 

410 

3642 

270.5 

277.6 

284.7 

455 

404.1 

301. 1 

309.0 

316.9 

4" 

365.1 

271.2 

278.3 

285.4 

456 

405.0 

30X.7 

309.7 

317-6 

412 

365-9 

271.8 

279.0 

286.2 

457 

405.9 

302.4 

310.4 

318.3 

413 

366.8 

272.5 

279.7 

286.9 

458 

406.8 

303- 1 

311. 1 

319.0 

414 

367.7 

273-2 

280.4 

287.6 

459 

407.7 

303.8 

311. 8 

319.^ 

'         415 

368.6 

273 -9 

281. 1 

288.3 

460 

408.6 

304.5 

312.5 

320.5 

416 

369.5 

274.6 

281.8 

289.0 

461 

409.5 

305.1 

313.2 

321.2 

417 

370.4 

275.2 

282.5 

289.7 

462 

410.4 

305.8 

313.9 

321.9 

418 

371.3 

275.9 

283.2 

290.4 

463 

411. 3 

306.5 

314-6 

322.6 

419 

372.2 

276.6 

283.9 

291.2 

464 

412.  X 

307.2 

315.3 

323.4 

420 

373.1 

277.3 

284.6 

291.9 

465 

413.0 

307.9 

316.0 

324.1 

421 

373-9 

277.9 

285.3 

292.6 

466 

413.9 

308.6 

316.7 

324.8 

423 

374-8 

278.6 

286.0 

293-3 

467 

414.8 

3092 

3174 

325 -5 

423 

375.7 

279 -3 

286.7 

294.0 

468 

415-7 
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I.  THB  OCCURRENCE  AlfD  PERMANENCE  OF  LIPASE  IN  THE  FAT  OF  THS 

COMMON  FOWL  (GaUtsa  domeBticus). 
By  M.  B.  Penkinoton  and  J.  S.  Hbpburm. 

n.  THE  OXIDATION  OF  CHICKEN  FAT  BY  MEANS  OF  HYDROGEN  PEROXIDE. 

«  By  Josbpb  S.  Hbpbukn. 

Received  October  21.  1911. 

L  The  Occurrence  and  Permanence  of  Lipase  in  the  Fat  of  the  Common 

Fowl  (Callus  domesticus). 

Post-mortem  changes  in  chicken  fat  include  a  pronoimced  increase 
in  acidity,  whether  it  takes  place  slowly,  as  when  the  fat  is  kept  hard 
frozen,  or  more  and  more  rapidly  as  the  temperature  rises  above  the 
congealing  point  of  flesh. ^  Such  an  increase  in  the  acidity  of  fats  has 
generally  been  traced  to  the  enzyme  lipase,  which  is  not  only  widely 
distributed  in  nature,  but  is  one  of  the  most  resistant  enzymes  known. 
Hence  this  study  was  undertaken  to  determin  its  presence  in  chicken 
fats  coming  from  varying  sources  and  in  those  which  had  been  hard 
frozen  for  considerable  lengths  of  time.  A  review  of  the  literature  on 
lipase'  revealed  but  one  record  of  the  observation  of  that  enzyme  in  the 
common  fowl;  Kastle  and  Loevenhart*  found  lipase  in  the  liver  of  the 
chicken. 

The  technique  is  fairly  simple.  The  crude  abdominal  fat  is  passed 
several  times  through  a  meat  chopper,  and  its  acidity  is  determined  by 
the  method  of  Pennington  and  Hepburn.*  A  weighed  sample  of  the 
ground  fat  is  triturated  in  a  mortar  with  sand  and  then  extracted  by 
trituration  with  water.  The  solution  is  poured  through  a  strainer  of 
wire  gauze  and  then  is  filtered  through  absorbent  cotton.  The  extraction 
is  repeated  several  times  and  finally  the  insoluble  matter  is  placed  on  a 
muslin  filter  and  squeezed  to  remove  the  aqueous  extract  as  far  as  possi- 
ble; this  filtrate  also  is  strained  through  wire  gauze  and  filtered  through 
absorbent  cotton.  The  quantity  of  water  used  for  extraction  is  so  regu- 
lated that  the  total  volume  of  the  filtrate  in  cubic  centimeters  is  exactly 
lo  times  the  weight  in  grams  of  the  crude  fat  used  in  making  the  ex- 
tract. 

Fifty  cc.  of  the  aqueous  extract  and  i  cc.  of  an  ester  (ethyl  acetate, 
butyrate,  or  benzoate,  or  amyl  salicylate)  are  placed  in  an  Erlenmeyer 

*  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bull.  115,  57  (1908);  and  Cir.,  70  (1911). 
Premier  Congrks  International  du  Froid^  Rapports  et  Commumcations,  2,  316  (1908). 
Tms  Journal,  32,  568  (1910). 

*  Hepburn,  /.  Frank.  Inst.,  168,  429  (1909). 

•  Am.  Chem.  /.,  24,  491  (1900). 

♦  Tms  Journal,  32,  568  (19 10). 
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flask  of  lOo  cc.  capacity,  0.2  cc.  of  a  1%  solution  of  phenolphthalein  in 
alcohol  are  added,  and  the  solution  is  neutralized.  One  cc.  of  toluene 
is  used  as  a  bactericide,  and  at  intervals  during  the  incubation  more  is 
added  to  replace  that  lost  by  evaporation.  The  flask  and  its  contents 
are  incubated  at  40° — ^the  optimum  temperature  for  lipase^ — for  periods 
of  time  varying  between  24  and  168  hours,  usually  72  hours.  A  50  cc. 
sample  of  the  aqueous  extract  is  boiled,  cooled  to  the  temperature  of  the 
room,  and  nm  as  a  blank  experiment  in  exactly  the  same  manner  as 
the  determination  proper.  At  the  end  of  the  incubation  both  determina- 
tion and  blank  experiment  are  titrated  with  tenth-normal  sodium  hy- 
droxide; the  increase  in  acidity  of  the  determination  proper  over  the 
blank  is  due  to  the  action  of  lipase. 

The  data  of  the  preliminary  experiments  are  given  in  Table  I,  page  212. 
Since  lipase  will  produce  a  further  increase  in  acidity,  if  the  solution  is 
neutralized  at  intervals  and  then  subjected  to  further  incubation,  ex- 
periments of  this  type  were  carried  out  as  one  of  the  tests  for  lipase. 
Thus  in  Experiment  102 1-2,  in  the  lipolysis  of  ethyl  butyrate,  after  24 
hours,  the  determination  proper  showed  an  acidity  of  1.30  cc,  and  the 
bbnk  of  0.15  cc;  therefore  the  acidity  due  to  lipase  was  1.15  cc. ;  in  the 
second  period  of  24  hours,  a  further  increase  in  the  determination  proper 
of  0.80  cc.  and  in  the  blank  of  0.20  cc  occurred,  giving  an  increase  due  to 
lipase  of  0.60  cc.  In  the  table  the  total  hydrolysis  in  the  total  time  is 
given. 

The  presence  of  lipase  is  shown  by  the  following  facts:  (i)  The  acidity 
of  the  crude  abdominal  fat;  (2)  the  hydrolysis  of  the  various  esters;  (3) 
the  further  hydrolysis  of  the  esters  after  neutralization  during  incubation ; 
(4)  the  influence  of  chemical  constitution  on  the  rate  of  hydrolysis  of  the 
esters. 

During  both  the  preliminary  and  the  final  series  of  experiments,  the 
rate  of  hydrolysis  was  greater  in  the  case  of  the  butyric  ester  than  in  that 
of  the  acetic,  t.  e.,  the  rate  became  greater  as  the  carbon  content  of  the 
fatty  acid  increased.  Kastle  and  Loevenhart'  have  found  this  property 
to  be  characteristic  of  lipase. 

The  final  series  of  experiments  is  a  study  of  the  comparative  activity 
of  the  lipase  in  fresh  chickens  and  in  fowls  kept  for  varying  periods  of 
time  at  different  temperatures,  from  5°  F.  as  a  minimum  to  65-78^  F. 
as  a  maximum.  Throughout  the  entire  series  the  period  of  incubation 
was  constant,  72  hours.  The  samples  included  a  chicken  which  had  just 
been  killed  and  from  which  the  animal  heat  had  not  been  lost;  one  kept 
in  the  chill  room  at  32°  F.  for  24  hours;  birds  from  the  West  and  South 
of  known  history  at  various  stages  of  their  marketing;  and  fowls  kept 

^  Kastle  and  Loevenhart,  Am.  Chem.  /.,  24,  491  (1900). 
*/W.,  24,491  (1900). 


212 


M.   E.    PENNINGTON  AND  J.    S.    HEPBURN. 


1 

Z 


I 
3 


U 

X 

u 

to 
O 


H 

2 


o 


o 

a; 


S 

< 


il 

"I 

If 


.9|$ 
l9^ 


8u)  «0   lO   O 


lO  NO    00 


»0    »0    IO 

00     <<«■    IO 


^$ 


to  to  o    O 


«    «    c« 


'mmmOO     mmOOO** 


8IO    to    Q    O 
M-   CO   «b   IO 


•4       0    0    0    0 


O     to   IO   Q    IO   to 
r*5   ^  CO   ^  «    ■<•■ 

6  6  6  6  6  6 


O     Q     O     O     IO    Q 
lO  >0     M     C*^   «     CO 

6  6  6  6  6  6 


8 


o  o  »o  o 


"O  O    IO  IO  O    Q 


« 


ro  M  ^  CO      00    w    w    « 


IO  9    «o  lO  to  O 

O    f«    t^  9^  Cv  to 


•^    CI    O    O    O    ^ 


CI 


^OOO't'      cinOciocino 


r*  ^  i^  ^  t>.  -^ 


s 

Xi 

I 


OS 


5 


ii 

i 


I 


^  .^ 


s 

I 


I 


ii 

I 

I 


ij 


91 

! 


o 

OO 

CI 


to 

IO 


00 
CI 


1^ 


.<_><«k 


0. 


Ill    •^ 

o 


xn 

I 

a  i  J 

Q    (O  A 


CO 


to  p(^    • 


rO 


I 


P^  'C  .* 


Ui 

73 


I 


^ 


.^    O 


I 


o 


,    «    O   O 
O    ^  oj    « 

■So  ^3 

.3    i-i    0\   »-i 


STUDIES  ON  CHICKBN  PAT. 


213 


8^ 


•o  r*. 


8  0 


^  «  00 


toioOir>pO<'^wi«nOQ     OQOO 


•«»<fietO*****»**0**»^weiOOO**""     0**0** 


•00  0000«o*OioinioQQ*oioioioioQ0     QtOQio 

oo*-'i^>^ooooMooi^>^f«oooo*^    0000 


iC0v>00«OiO0*OQQQ!p>om0Q0    0Q     OtOO*') 


-f»«io«'i«ciicicifOO*-<*>«o 


00*«(tt«         M*-« 


?^8  ?S  S-^8  5S  S-i8  $S  S-^8  $8 


-^  00 


?'5- 


s 


I 

3 


I 

1 

S 


I 


O 


3 


I 

o  5 
g  § 

S  S 

•3 


-  Ja 

2 


3 
S 


214  M.   E.    PENNINGTON  AND  J.   S.    HEPBURN. 

hard  frozen  for  periods  as  long  as  89  months.  The  chickens  hard  frozen 
for  16  months  were  market  birds;  those  stored  for  longer  periods  were  not 
marketable,  and  are  only  of  scientific  interest.  The  **green  struck" 
chicken  represents  incipient  putrefaction,  while  the  bird  kept  at  the 
temperature  of  the  room  for  7  days  was  in  an  advanced  state  of  putre- 
faction. 

In  connection  with  this  study  of  the  action  of  prolonged  freezing  on 
the  activity  of  lipase,  it  is  interesting  to  review  briefly  the  literature 
on  the  influence  of  low  temperatures  on  enzyme  action.  Macfadyen 
and  Rowland^  found  that  zymase  withstands  for  24  hours  the  tempera- 
ture of  liquid  air,  while  Buchner'  prepared  the  same  enzyrmt  from  yeast 
cells  with  the  aid  of  solid  carbon  dioxide.  The  work  of  Kovchoff*  shows 
that  the  proteolytic  enzyme  of  wheat,  peas,  and  the  tissue  of  Vicia  faba 
retains  its  activity  after  these  substances  have  been  frozen  for  24  hours. 
Pepsin  and  gastric  juice  are  active  at  o*',  as  shown  by  the  work  of  Miiller,* 
Flaum,'  Pick  and  Murisier,*  and  Hoppe-Seyler.^  Recently  Oguro*  has 
demonstrated  that  pepsin  and  dilute  hydrochloric  acid  digest  ridn  at 
temperatures  of  8°,  5°,  and  o^.  Miiller*  found  that  rennin  resists  a  tem- 
perature of  0°.  Kastle  and  Loevenhart*  state  that  the  lipase  of  a  pig 
pancreas  retained  60%  of  its  power  to  hydrolyze  ethyl  butyrate  after 
that  organ  had  been  kept  in  cold  storage  for  7  days.  A  diy  fat-free 
pancreas  retained  its  lipolytic  power  in  almost  full  strength  for  7  weeks. 
Even  a  putrefying  pancreas  still  possessed  power  to  split  the  ester  to  a 
slight  extent.  Richardson***  states  that  the  fat-splitting  enzyme  of  the 
pancreatic  juice  '*does  still  retain  and  show  a  little  activity  at  freezing  tem- 
peratures." His  experiments  were  made  on  a  mixturg  of  fresh  hog 
pancreas  and  neutral  lard  kept  at  a  temperature  of  — 9°  to  — 12®  for  as 
long  a  period  as  3  months. 

The  results  of  the  final  series  of  experiments  are  given  in  Table  II. 
The  lowest  acidity  of  the  crude  fat  and  the  least  activity  of  the  lipase 
is  in  the  chicken  retaining  the  animal  heat;  as  the  birds  age  after  death 
the  acidity  of  the  crude  fat  becomes  greater,  as  does  also  the  activity 
of  the  enzyme;  the  increase  is  apparently  dependent  on  both  tempera- 
ture and  the  period  of  keeping  and  has  occurred  even  in  the  chicken 

'  Lancet,  78,  [i]  849,  X130  (1900). 

•  Die  Zymaseg/arung,  i^^.  R^sum^  by  Bradbury  in /.  Frank.  Itist.,  157,  41(1904). 

•  Ber.  hot,  Ges,,  25,  473  (1907). 

•  Arch.  Hyg.,  47,  127  (1903). 

•  Z.  Biol.  {N.  F.,  10),  28,  433  (1891). 

•  Verh.  WUrzbttrger  pkysiol.-med.  Ges.,  N.  F.,  2,  122(1872). 
'  Pfluger's  Arch.  ges.  Physiol.,  14,  395  (1877). 

•  Biochem.  Z.,  22,  278  (1909). 

•  Am  .Chem.  J.,  24,  491  (1900). 

*•  Premier  Congris  International  duFroid,  Rapports  et  Communications ^  2, 315  (1908). 
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kept  in  the  chill  room  at  32®  F.  for  24  hours.  The  three  experiments, 
2044-1,  1025-1,  and  102 1-3,  represent  western  and  southern  chickens 
in  various  stages  of  their  marketing;  the  highest  acidity  of  the  fat  and  the 
greatest  activity  of  the  lipase  is  found  in  the  sample  which  has  been  on 
the  market  for  the  longest  time.  Likewise,  the  acidity  of  the  fat  and  the 
activity  of  the  enzyme  is  greater  in  the  fowl  in  an  advanced  stage  of 
putrefaction  than  in  the  "green  struck*'  bird  (incipient  putrefaction). 
In  the  hard  frozen  samples  the  greatest  activity  of  the  lipase  and  the 
highest  acidity  of  the  fat  is  in  the  chicken  kept  hard  frozen  for  54  months; 
however,  the  enzyme  was  energetic  in  the  bird  hard,  frozen  for  89  months. 
Therefore,  lipase  is  able  to  resist  prolonged  freezing,  even  for  a  period  of 
almost  seven  and  a  half  years.  The  rate  of  increase  in  the  acidity  of  the 
crude  fat  and  in  the  activity  of  the  enzyme  is  greatly  decreased  by  pro- 
longed hard  freezing. 

Apparently  the  crude  fat  of  a  chicken  which  has  just  been  killed  is 
almost,  if  not  absolutely,  neutral  and  contains  lipase  largely,  if  not  en- 
tirely, as  a  zymogen,  which  is  converted  into  the  active  form  as  the  bird 
ages  after  death.  Greater  activity  of  the  enzyme  and  a  higher  acidity 
of  the  crude  fat  usually  occur  as  the  period  of  keeping  grows  longer. 
This-transition  from  zymogen  to  active  enzyme  is  proved  by  the  fact  that 
extracts  from  aged  birds  possess  greater  lipolytic  power  than  does  the 
extract  from  the  chicken,  retaining  the  animal  heat. 

Apart  from  the  rendering  active  of  a  zymogen,  an  increase  in  the  acidity 
of  the  fat  may  tend  to  increase  the  activity  of  the  lipase  toward  the  fat 
in  situ.  Thus  Connstein,  Hoyer,  and  Wartenberg,*  who  studied  the 
lipase  of  the  seed  of  the  castor-oil  plant  {Rtcinus  communis)  ^  found  that 
sulfuric,  phosphoric,  and  acetic  acids  and  sodium  acid  sulfate  exert  an 
accelerating  action  on  the  hydrolyses  produced  by  lipase.  However, 
they  contend  that  certain  of  their  experiments  make  it  probable  that 
these  compounds  act  as  catalytic  agents  for  the  active  enzyme  without 
functioning  as  activators  for  a  zymogen.  The  optimum  concentration 
of  the  reagents  mentioned  lies  between  tenth-normal  and  third-normal. 
Acids  which  are  insoluble  in  water  also  exert  an  accelerating  influence, 
although  far  larger  quantities  of  such  acids  must  be  used  to  obtain  the 
same  result.  Moreover,  these  investigators  also  discovered  that  the  rate 
of  hydrolysis  becomes  greater  after  the  lipase  of  Ricinus  communis  has 
acted  on  a  fat  for  some  time.  Hence,  contrary  to  the  habit  of  most 
enzymes,  a  piling  up  of  the  enzymic  products  of  lipase  is  favorable  to 
activity  rather  than  depressing.  Tanaka'  has  recently  studied  the  use 
of  acids  in  the  cleavage  of  oil  by  means  of  the  lipolytic  enzyme  of  the 
castor-oil  seed.     For  every  acid  there  is  an  optimum  amount,  and  a 

"  Btr.,  3S,  39W  (1902). 

*/.  CoU.  Eng.  Tokyo,  5,  25-42;  C.  A.,  5,  2004  (iQ")- 
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further  addition  exerts  a  retarding  influence.  The  function  of  the  dilute 
acid  is  to  combine  with  the  basic  constituents  of  the  seed.  Hence  it  is 
uncertain  whether  or  not  dilute  acids  can  act  as  catalyzers  for  the  active 
form  of  lipase. 

In  this  and  in  other  researches  carried  out  in  this  laboratory  it  has 
been  demonstrated  that  the  acidity  of  the  fat,  both  crude  and  extracted, 
increases  after  death,  whether  the  chickens  are  kept  at  atmospheric 
temperatiwes  or  hard  frozen  for  varying  periods  of  time.  During  the 
course  of  this  investigation  the  presence  of  active  lipase  has  been  de- 
monstrated in  the  crude  fat  of  chickens  hard  frozen,  at  various  stages  of 
marketing,  and  in  early  and  advanced  stages  of  putrefaction.  Therefore 
the  post-mortem  hydrolysis  of  chicken  fat  in  situ  must  be  due  in  large 
part  to  the  action  of  lipase. 

The  following  conclusions  are  reached  based  on  these  studies: 

(i)  Lipase  occurs  in  the  crude  fat  of  chickens. 

(2)  The  fat  of  the  fowl  immediately  after  killing  shows  almost  no 
lipolytic  activity.  It  is  therefore  probable  that  the  lipase  during  life 
exists  in  its  zymogenic  form. 

(3)  As  the  chicken  ages  after  death,  the  enzyme  becomes  active  and 
the  acidity  of  the  fat  increases.  These  changes  occur  less  rapidly  at 
temperatures  below  freezmg  than  above  the  freezing  point. 

(4)  Lipase  can  resist  prolonged  freezing  for  as  long  a  period  as  89 
months. 

(5)  From  the  experiments  cited  it  would  appear  that  the  post-mortem 
hydrolysis  of  chicken  fat  depends  chiefly  upon  enzyme  action. 

II.  The  Oxidation  of  Chicken  Fat  by  Means  of  Hydrogen  Peroxide. 

When  the  forces  of  nature,  including  bacteria,  molds,  yeasts,  enzymes, 
air,  light,  and  heat,  act  on  fats  and  oils,  the  various  constants  imdergo 
changes  and  an  increase  in  the  saponification  number  is  usually  accom- 
panied by  a  decrease  in  the  Hehner  nimiber,  and  vice  versa.  This  phenom- 
enon is  due  chiefly  to  the  oxidation  of  the  unsaturated  acids  at  the  double 
bonds.  ^ 

However,  when  chickens  are  kept  hard  frozen,  both  the  saponification 
number  and  the  Hehner  number  experience  a  simultaneous  change  in 
the  same  direction.^  For  instance,  nine  analyses  give  a  mean  saponifica- 
tion number  of  172.9  and  a  mean  Hehner  number  of  81.27  for  fresh 
roasters,  while  three  analyses  of  undrawn  roasters,  kept  hard  frozen  for 
16  months,  give  a  mean  saponification  number  of  194.9  ^^^  ^  mean 
Hehner  number  of  91.67,  the  two  constants  having  increased  at  the  same 

*  Hepburn,  /.  Frank.  Inst.,  168,  365,  421  (1909);  169,  23  (19 10). 

'  Pennington,  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bull.  115,  68,  73;  Premier 
Congrh  International  du  Froid,  Rapports  et  Communications ,  2,  216  (1908).  Hepburn, 
/.  Frank.  Inst.,  171,  585  (191 1). 
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time.*    This  form  of  fat  decomposition  must  be  due  to  oxidation  of  the 
carbon  chain  at  or  near  the  terminal  carbon  atoms. 

The  recent  work  of  Dakin'  upon  the  oxidation  of  the  ammonium  salts 
of  the  saturated  fatty  acids  by  means  of  hydrogen  peroxide  gave  the 
idea  which  led  to  the  present  research.  This  investigator  discovered 
that  hydrogen  peroxide  reacts  with  the  ammonium  salts  of  saturated 
fatty  acids  at  the  temperature  of  boiling  water  with  the  evolution  of 
carbon  dioxide  and  the  formation  of  lower  fatty  acids  and  of  ketones — 
derived  from  ^-ketonic  acids  by  loss  of  carbon  dioxide.  In  some  cases 
aldehydes  were  also  formed.  Apparently  oxidation  occurs  at  the  carbon 
atom  in  the  ^-position  to  the  carboxyl  group.  It  therefore  seemed  de- 
sirable to  study  the  influence  of  oxidation  with  hydrogen  peroxide  upon 
the  chemical  constants  of  chicken  fat  and  of  stearic  and  oleic  acids. 

The  fat  was  obtained  from  chickens  of  known  history.  All  the  samples, 
with  two  exceptions,  were  western  birds  at  various  stages  of  their  market- 
mg.  Sample  No.  360  was  a  chicken  kept  in  a  chillroom  at  32®  F.  for 
24  hours  after  killing  and  then  analyzed,  while  Sample  No.  343  was  hard 
frozen  for  over  a  year.  The  crude  abdominal  fat  was  extracted  with 
petroleum  ether  according  to  the  method  commonly  used  in  this  labora- 
tory' and  was  analyzed.  The  extracted  fat  was  heated  on  the  water 
bath  for  7  hours  with  a  3%  solution  of  hydrogen  peroxide.  Six  mole- 
cules of  peroxide  were  used  for  each  molecule  of  fat,  t.  e.,  two  molecules 
of  peroxide  for  each  fatty  acid  radical.  The  fat  was  then  separated  from 
the  aqueous  layer  and  washed  with  boiling  water  until  neither  fat  nor 
wash  water  contained  peroxide,  as  was  shown  by  their  failure  to  respond 
to  the  potassium-bichromate-sulfuric-acid-ether  test  (formation  of  a  blue 
color  in  the  ether).  The  fat  was  then  filtered  through  paper  in  a  water 
oven  at  100°  with  the  utmost  speed,  and  again  analyzed.  The  methods 
of  analysis  were  those  of  the  Association  of  Ofificial  Agricultural  Chemists.* 
The  iodine  number  was  determined  by  the  Hanus  method.  The  analytical 
data  are  given  in  Table  III. 

It  will  be  observed  that  the  acidity  always  increased;  the  iodine  number 
usually  decreased,  although  occasionally  it  increased.  The  saponifica- 
tion number  and  the  Hehner  number  almost  invariably  increased  simulta- 
neously, hence  dilute  hydrogen  peroxide  at  the  temperature  of  the  water 
bath  produced  in  chicken  fat  the  same  chemical  change  that  occurs  in 
that  fat  in  situ  during  prolonged  freezing. 

Stearic  and  oleic  acids  were  also  oxidized  with  hydrogen  peroxide. 
The  saponification  number  of  the  acids  decreased.    This  change  is  similar 

'  Results  obtained   in   this  laboratory  and  in  course  of  preparation  for  publica- 
tion. 

*y.  Biol.  Ckem.,  4,  77,  227  (1908). 

'  Pennington,  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bull.  1x5,  66. 

*  Ibid.,  Bull,  107,  revised,  136-142. 
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to  that  tmdergone  by  the  fat  of  chickens  kept  hard  frozen  for  a  period 
of  4  months,  at  the  end  of  which  time  both  the  saponification  number 
and  the  Hehner  number  were  lower  than  in  the  fat  of  fresh  birds.  For 
example,  the  fat  of  12  chickens  hard  frozen  for  4  months  had  a  mean 
saponification  number  of  146.9  and  a  mean  Hehner  number  of  66.27.^ 

The  fat  of  fresh  chickens  does  not  respond  to  the  fuchsin-sulf urous 
add  test  of  Bianchi;'  hence  it  may  be  assumed  that  compounds  of  the 
aldehyde-ketone  family  are  absent.  However,  these  compounds  are 
present  in  the  fat  after  oxidation  with  hydrogen  peroxide,  because  a 
distinct  pink  or  red  color  was  produced  by  the  oxidized  fats  when  they 
were  treated  with  fuchsin-sulfurous  add.  Oxidized  stearic  acid  also 
responded  positively  to  the  test.  Oleic  add  before  oxidation  gave  a  very 
faint  pink,  after  oxidation  a  much  deeper  pink  color.  Crude  fat  from 
hard  frozen  chickens  contains  compounds  whidi  restore  the  color  to 
fuchsin-sulfurous  add,  as  was  shown  by  tests  made  on  chickens  hard 
frozen  for  periods  of  22,  28,  29,  42,  54,  72,  and  89  months.  The  aldehydes 
or  ketones  are  usually  insoluble  in  water,  and  only  the  fat  is  colored  by  the 
reagent.  The  biting,  aldehyde-like  odor  of  long  preserved  hard  frozen 
diickens  has  been  mentioned  by  Pennington.* 

Dakin's  work  has  shown  that  dilute  hydrogen  peroxide  may  oxidize 
saturated  fatty  adds  with  the  formation  of  saturated  fatty  adds  of  lower 
carbon  content,  ketones,  and  occasionally  aldehydes.  In  the  course 
of  this  investigation  it  has  been  found  that  oxidation  of  chicken  fat  with 
hydtogen  peroxide  gives  rise  to  a  simultaneous  increase  in  the  Hehnet 
nmnber  and  the  saponification  munber,  while  aldehydes  are  also  formed. 
The  increase  in  the  saponification  number  is  doubtless  due  to  the  forma- 
tion of  fatty  adds  which  are  homologues  of  those  present  in  the  tm- 
oxidized  fat,  but  with  a  slightly  lower  carbon  content.  The  increase 
in  the  Hehner  number  is  explained  by  the  formation  of  aldehydes  and 
ketones.  According  to  Browne*  aldehydes  play  a  role  in  the  determina- 
tion of  the  saponification  number  and  ester  value  of  a  fat  in  which  they 
are  present;  during  the  saponification  with  boiling  alcoholic  potash,  the 
aldehydes  are  partly  changed  into  adds  which  neutralize  a  portion  of  the 
potash.  But  the  r61e  is  a  minor  one,  as  shown  by  the  ester  value  of 
oenanthol  [n-heptyl  aldehyde,  CH3(CH2)6CHO],  which  has  been  found  to 
be  15.5.  However,  the  formation  of  higher  aldehydes  and  ketones,  in- 
soluble in  water,  increases  the  quantity  of  insoluble  matter  in  the  fat 
and,  therefore,  increases  the  Hehner  number. 

The  dianges  in  the  fat  of  chickens  during  prolonged  freezing  are  similar 

*  Bennington,  Premier  Congris  IniemaUofuU  du  Froid,  Rapports  et  Communica' 
Hons,  2,  252  {1908). 

*  L'Orosi  pomal  d,  Chem.,  21,  253  (189S). 

*  Yearbook,  U.  S.  Department  oi  Agriculture,  p.  197  (1907). 
'Tms  JouRMAi,,  az,  975  (1899). 
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to  the  changes  called  forth  by  oxidation  of  the  fat  with  hydrogen  peroxide. 
The  Hehner  number  and  the  saponification  ntunber  increase  simulta- 
neously, and  aldehydes  are  formed.  The  mcrease  in  saponification 
number  may,  therefore,  be  ascribed  to  the  formation  of  slightly  lower 
homologues  of  the  fatty  acids  of  fresh  chicken  fat,  while  the  increase  in 
Hehner  number  is  doubtless  due  to  the  formation  of  aldehydes  and  ketones 
of  high  carbon  content.  These  changes  in  the  chicken  fat  in  situ  are 
probably  produced  by  the  action  of  enzymes. 

During  the  earlier  stages  of  keeping  chickens  hard  frozen,  a  simulta- 
neous decrease  in  both  the  saponification  number  and  the  Hehner  num- 
ber occurs;  in  explaining  this  phenomenon,  both  factors — ^formation  of 
lower  fatty  adds  and  formation  of  ketones  and  aldehydes — again  must  be 
taken  into  consideration.  The  fat  probably  contains  acids  which,  though 
insoluble  in  water,  are  on  the  border  line  between  soluble  and  insoluble; 
these  adds  are  converted  into  their  lower  homologues  which  are  soluble; 
the  Hehner  number  is  thereby  decreased,  and  a  tendency  is  created  to 
increase  the  saponification  ntmiber.  On  the  other  hand,  the  higher  acids 
of  the  fat  are  oxidized  with  the  formation  of  aldehydes  and  ketones, 
and  the  saponification  number  is  decreased,  as  happened  in  the  oxidation 
of  oleic  and  stearic  adds  with  hydrogen  peroxide;  this  oxidation  tends  to 
increase  the  Hehner  number.  However,  as  a  resultant  of  these  pro- 
cesses of  oxidation,  the  Hehner  number  and  the  saponification  ntunber 
decrease  simultaneously.  In  the  course  of  prolonged  freezing  the  chief 
role  is  played  by  the  higher  fatty  adds,  which  are  oxidized  and  give  rise 
to  an  increase  in  both  the  saponification  number  and  the  Hehner  number 
at  the  same  time,  as  has  been  described. 
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Blectro-Analyiis.    By  Edgar  F.  Sicith.    Fifth  Edition,  Revised  and  Enlarged,  with 
46  Illustrations.    Philadelphia:  Blakiston's  Son  &  Co.    Price,  $2.50. 

The  fourth  edition  of  this  book  was  reviewed  in  This  Journai,,  30, 
477.  The  present  edition  contams,  as  new  material,  reviews  of  all  the 
important  work  done  on  the  subject  during  the  past  four  years;  also  ex- 
cellent descriptions  of  all  up-to-date  apparatus  and  methods.  The  book 
is  to  be  highly  recommended  to  those  interested  in  electro-analysis. 

It  would  seem  advisable  in  works  of  this  kind  to  give  the  size  of  the 
exposed  electrode  surface  and  the  current  in  amperes  or  the  surface  and 
cturent  density  on  the  electrode  in  question,  because  the  rate  of  deposi- 
tion depends  to  a  large  degree  on  these  factors.  The  voltage  drop  across 
the  two  electrodes  depends  upon  a  number  of  factors  that  may  have  littie 
or  no  bearing  on  the  efficiency  of  the  method,  e.  g.,  the  distance  of  the 
electrodes  apart,  or  the  anodic  polarization.  £.  B.  Spear. 
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g*"^*"^^  dtf  Mliiafmkhemie.    Edited  by  DoSLntR,  ei  al.    Vol.  I,  Pt.  3,  Bogen  21-30. 
Price,  M.  6.50. 

The  latest  issued  pages  of  Mineralchemie  continue  the  general  subject 
of  the  carbonates.  Calcium  carbonate  is  concluded,  and  the  carbonates 
of  magnesium  and  caldtun  (dolomite),  manganese,  zinc,  ferrous  iron, 
cobalt,  nickel,  copper  and  strontium  are  considered.  A  few  minor  species 
like  the  hydrates  of  calcium  carbonate  are  also  included.  We  might 
raise  the  question  whether  it  would  not  be  more  rational,  in  a  work  on 
mineral  chemistry,  to  classify  strontium  carbonate  with  those  of  calcium 
and  magnesium  with  which  it  chemically  belongs,  though  in  mineralogies 
it  is  put  in  another  group.  The  mineralogies  on  crystallographic  grounds 
also  put  aragonite  in  this  later  group,  but  here,  forttmately,  vital  con- 
siderations have  induced  the  editors  to  place  aragonite  with  calcite.  The 
work  of  Leitmeier,  who  has  written  the  most  of  this  heft,  is  especially 
good.  His  presentation  of  the  S3mthetic  work  on  aragonite  is  dear  and 
logical,  and  the  reader  leaves  it  with  a  well-defined  conception  of  its 
relation  to  calcite  and  of  the  prime  factors  which  influence  its  formation. 
Commg  then  to  the  genesis  of  aragonite  in  nature,  the  author  classifies 
its  various  occurrences  in  typical  groups,  pointing  out  as  far  as  possible 
the  significance  of  each  in  the  light  of  S3mthetic  work,  though  he  does 
not  hesitate  to  state  that  some  are  still  inexplicable.  The  data  relating 
to  aragonite  are,  to  be  sure,  on  the  whole  consistent  and  readily  handled. 
hi  dolomite  (caldtun  magnesium  carbonate),  however,  we  have  a  mineral 
about  the  formation  of  whidi  very  little  is  known.  Its  geological  impor- 
tance has  made  it  the  subject  of  a  large  amount  of  investigation  though, 
simple  as  it  is,  its  sjmthesis  has  not  been  accomplished  with  certainty. 
It  must  have  been  a  thankless  task  to  write  a  digest  of  this  mass  of  ex- 
peranental  detail,  but  Leitmder  has  done  it  with  an  excdlent  sense  of  the 
significance  of  experiments  and  their  rdative  values.  Very  wisely,  the 
mmor  spedes  of  carbonates  are  treated  very  briefly;  some  of  them,  with 
further  knowledge,  may  drop  out  altogether.  The  analytical  directions 
of  Dittridi  deserve  a  word  of  commendation.  The  methods  are  well 
known,  but  they  are  briefly  and  very  dearly  given  here.    E.  T.  Ai,lbn. 

Oiundzflge  der  Dispeztoidchemie.    By  Prop.  Dr.  P.  P.  von  Veimarn.    Th.  Steinkopff. 
Dresden.     191 1.    pp.  121.     Price,  M.  4. 

"This  little  book  is  the  result  of  a  series  of  lectures  delivered  by  the 

author  in  April,  19 10,  at  the  invitation  of  the  Microbiological  Society  of 

the  Imperial  Institute  of  Experimental  Medicine  at  St.  Petersburg,"  the 

present  publication  being  a  translation  by  F.  Kleemann  from  the  author's 

manuscript.     The  book  is  divided  into  an  introduction,  four  chapters, 

a  conclusion,  and  two  appendices.    The  subject  matter  is  treated  under 

the  following  headings:  i.  The  colloidal  state  as  a  general  characteristic 

of  matter.     2.  The  chief  methods  for  obtaining  any    given    crystallin 
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substance  in  any  desired  degree  of  dispersion.  3.  The  conditions  govern- 
ing the  stability  of  suspensoids  and  suspensions.  4.  The  principal  prop- 
erties of  suspensides  and  emulsoids  of  substances  of  high  molecular  weight. 

The  book  is  characterized  by  a  very  evident  careful  attention  to  ar- 
rangement and  systematization  of  the  subject  matter,  which  enhances 
its  value  for  the  average  reader  and  impresses  him  with  the  fact  that 
colloid  chemistry  is  gradually  being  reduced  to  a  science.  Most  of  the 
experimental  illustrations  employed  are  taken  from  the  numerous  and 
important  investigations  carried  out  by  the  author  and  his  students  within 
the  last  six  years. 

On  page  37  the  definition  of  ''condensation  pressure,"  as  equal  to  a 
certain  concentration  difference  rather  than  proportional  to  it,  is  open  to 
criticism.  Many  chemists  will  also  disagree  with  the  author's  rejection 
of  the  term  "amorphous.'*  Certainly  his  "proof"  (see  Appendix  I),  that 
certain  finely  divided  substances  must  necessarily  consist  of  submicro- 
scopic  crystals  because  they  are  transformed  into  visible  crystals  by  shaking 
with  a  suitable  solvent,  will  not  be  accepted  without  question.  On  the 
other  hand  he  succeeds  in  making  it  very  probable  that  in  the  case  of  many 
precipitates,  the  distinction  between  "amorphous"  and  "crystalline" 
is  one  of  degree  rather  than  of  kind. 

Altogether  the  book  is  a  very  readable  one  and  bears  less  resemblance 
to  a  descriptive  catalogue  than  do  many  of  the  recent  treatises  on  the 
subject.  Edward  W.  Washburn. 
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imETEBlTTH  AITirUAL  REPORT  OF  THE  COMMITTEE  OH  ATOMIC 
WEIGHTS.    DETERMINATIOirS  PUBLISHED  IN  1911. 

By  p.  W.  Claucb. 
ReceiTcd  Janu«i7  22.  1912. 

During  the  year  1911a  fair  number  of  investigations  relative  to  atomic 
we^ts  appeared,  some  of  them  being  of  a  fundamental  character.  The 
actual  data  obtained  are,  briefly,  as  follows: 

Chlorine. — Burt  and  Gray*  continued  their  research  upon  the  density 
of  hydrochloric  acid,  confirming  their  earlier  conclusions.  For  the  weight 
of  a  normal  liter  of  the  gas  at  o^,  760  mm.,  and  the  latitude  of  London 
they  give  the  following  figures: 


1.63977 

1.63999 

1. 64016 

1.63999 

1.64049 

1.64037 

1.64007 

1.63982 
1.64009 

1.64030 

Bileaii,     1 .  6401 1 
Reduced  to  latitude  45^  this  mean  becomes  1.639 15,  wheaoe  01  —  35.460. 

Chlorine  and  Potassium, — Since  the  time  of  Berzelius  the  analysis  of 
potassium  chlorate  has  been  of  fundamental  importance  in  the  determina- 
tion of  atomic  weights.  The  data,  however,  were  discordant,  and  not 
in  harmony  with  recent  investigations.  Now,  with  all  modem  pre- 
cautions, Staehler  and  Meyer'  have  reanalyzed  the  compound,  with  the 
subjoined  results.    Absolute  weights  are  given. 

^Ckem.  News,  X03,  161,  170.    Their  former  determinations  appear  in  the  report 
of  this  conunittee  for  1909. 

*  Z.  anorg.  Chem.,  71,  368. 
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Prbuminary. 

Weisht  KOOt. 

Weight  KO. 

Ratio. 

12.38248 

7.53218 

1.643943 

I I. 282 13 

6.86340 

I. 64381 I 

12.22480 

8.65366 

I. 64379 I 

11.52268 

7.00963 

I • 643835 

12.44913 

7.57331 

I. 6438 16 

Mean  of  the  last  four,     i  .643813 
Hence  KCl  «  74.5558.    The  first  experiment  was  rejected. 


Final  Sbribs. 

Weight  KClOs. 

Weicht  Ka. 

RaUo. 

10.26355 

6.24370 

1.643824 

10.08261 

6.13362 

I . 643826 

10.03177 

6.10269 

1.643828 

10.63651 

6.47073 

1.643786 

12.05095 

7.33096 

1.643842 

Mean,        1.6438 19 

Hence,  KCl  »  74-555I-     Prom  this  the  authors  deduce  K  —  39.097,  and  CI 
35*4581  values  in  accord  with  the  results  obtained  by  other  methods. 


Sodium, — Some  interesting  analyses  of  sodium  chloride  and  bromide 
are  due  to  Goldbaum.*  The  salts  were  electrolyzed  with  a  mercury 
cathode  and  a  weighed  silver  anode,  and  on  the  latter  the  halogen  was 
fixed  in  weighable  form.  Omitting  a  preliminary  series  of  analyses  of  the 
chloride,  the  following  data,  with  vacuum  corrections,  are  given : 


Sodium  Chloride. 

Weight  NftO. 

Weight  d. 

At.  wt.  Na 

1.02234 

0 .  62014 

22.997 

1. 02221 

0.62006 

22.997 

2.43474 

1.47692 

22.996 

1.46370 

0.88789 

22.995 

0.56934 

0.34534 

22.999 

I .00793 

0.61141 

22.995 

1. 06501 

0.64600 

22.999 

2 . 16720 

1.3H60 

22.997 

2.75219 

1.66939 

22.999 

0.92900 

0.56349 

23.000 

I . 83527 

1.11324 

22.998 

Mean,  22.997 
Computed  with  CI  =-  35.458.     If  Na  =  23.00,  CI  —  35.462. 
»  This  Journal,  33,  35. 
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Sodium  Bromidb. 

Weight  NaBr. 

Wcifht  Br. 

At.  wt.  Na 

I  05343 

0.81803 

22.998 

1.33360 

1.03561 

22.997 

1.95652 

1-51936 

22.995 

5.02976 

3.905*6 

22.997 

2.09332 

1.62554 

22.998 

6.46697 

5.02178 

23.000 

5 • 54733 

4.30768 

22.999 

7.03901 

5.46606 

22.998 

Mean,.  22.998 
Computed  with  Br  «  79.92.     If  Na  —  23.00,   Br  —  79.927. 

Sulfur. — ^Tbe  ratio  between  nitrogen  and  sulfur  has  been  determined 

by  Burt  and  Usher/  through  analyses  of  nitrogen  sulfide,  N4S4.    The 

substance  was  decomposed  by  passing  its  vapor  at  a  red  heat  over  quartz 

wool  in  a  quartz  tube,  and  from  the  voltmie  of  nitrogen  so  liberated  its 

weight  was  computed.    The  following  abbreviated  table  gives  the  essential 

data: 

Weiffht  N«S«.  Wdffht  Ns.  Ratio.  N/S. 

0.469455  0.142726  0.43685 

0.442787  0.134627  0.43688 

o . 456326  o . 138736  O . 43684 

0.470072  O.142919  0.43686 

0.466918  O.141969  0.43690 

0.491307  0.149380  0.43688 

0.484307  0.147257  0.43690 


Mean,    0.43687 
Hence,  if  N  ><-  14.009,  S  —  32.067.     In  short,  the  new  ratio  confirms  the  ac- 
cepted values  for  both  nitrogen  and  sulfttf . 

Calcium. — Richards  and  Honigschmid'  have  analyzed  calcium  chloride, 
and  confirmed  their  former  determinations  of  the  atomic  weight  of  calcium. 
The  ratio  2Ag  :  CaCl,  was  measured,  by  the  usual  Harvard  methods, 
with  the  results  given  in  the  next  table.  Vacuum  weights  are  stated^ 
and  the  reductions  are  based  upon  Ag  =  107.88  and  CI  =  35.457. 

Weight  CaCs.  Weight  Ag.  At.  wt.  Ca. 

4.60350                                   8.94908  40075 

4.82401                                9-377^  40.074 

4.81846                                9.36688  40.076 

5.29799  10. 2991 I  40.076 

5.40550  10.50832  40  073 

5.24539  10.19715  40073 

5.34"0  10.38328  40.072 


Mean,    40.074 
Hence,  Ca  «  40.074.    The  earlier  bromide  analyses  gave  Ca  «-  40.070. 

*  Proc.  Roy.  Soc.^  85 A,  82. 

*  This  Journal,  33,  28. 
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A  very  rough  determination  of  the  atomic  weight  of  calcium  is  due  to 
Oechsner  de  Coninck.^  He  ignited  calcium  formate,  and  in  four  experi- 
ments found  values  for  CaO  from  55.94-56.11.  In  one  other  experiment 
he  dissolved  calcium  carbonate  in  hydrochloric  acid,  precipitated  the  lime 
as  oxalate,  and  finally  ignited  the  latter.  The  mean  of  his  five  discordant 
values  is  Ca  =  40.02. 

Cadmium, — In  order  to  determine  the  atomic  weight  of  cadmium, 
Perdue  and  Hulett'  have  analyzed  the  hydrated  sulfate  electrolyticaily. 
The  salt  was  electrolyzed  over  mercury,  in  which  the  liberated  cadmium 
dissolved.  The  water  of  the  sulfate  was  also  determined  at  temperatures 
between  670 ^^  and  700®.     The  data,  with  vacuum  weights,  are  as  follows: 


Weiffht  CdSO«.s/3HsO. 

6.32863 
6.72493 
6.87537 
5.65027 

6.8II25 

7 . 34977 

7.74837 
7.8843 

6.6100 


Percentage  of  Water. 

Weight  HsO. 

1. 1856 
I . 25986 

I . 2886 

1.05822 

1.27557 

1.37703 
1.3572 
I. 47713 

1.2480 


Percent.  HjO. 

18.734 

18.734 
18 . 742 
18.729 
18.727 
18.736 
18.727 

18.734 
18.730 


Mean, 

18.733 

Per 

CENT.  OP  Cadmium  in 

CdSO,.V.H,0. 

Weiffht  sulfate. 

Weight  Cd. 

Per  cent,  Cd 

7.90902 

3.46335 

43.790 

9.07468 

3.97434 

43 . 796 

7  32787 

3.20936 

43  796 

6.48847 

2.84186 

43.799 

5.11684 

2.24157 

43.808 

8.02954 

3-51755 

43.807 

5.08743 

2.23827 

Mean, 

43.799 

.     43.799 

Per  cent.  Cd  in  CdSO^. 

Weight  CdSO«. 

Weight  Cd. 

• 

Per  cent.  Cd 

5.14303 

2.77196 

53.897 

5  46507 

2.94566 

53.898 

5.58677 

3.01076 

53.891 

5.53568 

2.98276 

53.883 

6.29717 

3.39295 

53.880 

6.40718 

3.45255 

35.887 

5.37196 

2.89457 

53.883 

Mean,    53.888 


*  Compi,  rend.,  153,  1579. 
'  J.  Physic.  Chem.f  15,  147. 
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Prom  these  data,  when  S  »  32.07  and  H  »  1.008,  the  authors  deduce 
Cd  -=  112.30,  a  value  lower  than  that  generally  accepted.  These  new 
determinations  have  been  criticized  by  Richards,^  who  suggests  that  the 
fadmitim  sulfate  possibly  contained  an  excess  of  water  in  ''solid  solu- 
tion." Hulett  is  continuing  his  research  with  other  cadmium  com- 
pomids,  and  therefore  judgment  may  well  be  suspended  until  the  new 
evidence  is  published. 

Iron. — ^Atomic  weight  redetermined  by  Baxter,  Thorvaldson  and 
Cobb'  from  analyses  of  ferrous  bromide.  The  figures  obtained  are  as  fol* 
bws,  with  all  corrections  applied: 

PRBUlilNAKY  SBRIBS. 


Wdcht  PcBra. 

Weight  Ac. 

At.  wt.  Pc. 

Weicht  AgBt, 

At.  wt.  Pe. 

3-45339 

3.45481 

55.840 

6.01358 

55.853 

3.04933 

3.05055 

55.840 

5.31029 

55.844 

2.9007 

2.9019 

55.839 

3.0873 

3.0885 

55.844 

«•••••• 

3-50278 

3.50426 

55  837 

6.10033 

55.831 

4.05239 

4.05404 

55.840 

7.05752 

55.831 

4.08516 

4.08683 

Mean 

55.840 

Mean, 

»    55.840 

55.840 

Pinal  Ssitms. 

Wciglit  PeBrs. 

WdffhtAc. 

At.  wt.  Pe. 

Weight  A<Br. 

At.  wt.  Pe. 

5-03555 

5.03744 

55  834 

8.76950 

55  837 

6.06309 

6.06557 

55.840 

10.55889 

55  839 

5  -  59258 

5.59482 

55.482 

9.73974 

55.834 

5.89767 

5.90014 

55.838 

10.27507 

55.844 

4-48546 

4.48742 

55.834 

5-4*562 

5.41799 

55.834 

9-43171 

55.830 

6.50002 

6.50277 

55  837 

11.31958 

55.843 

3-56564 

3.56719 

55.834 

6.20987 

55.829 

5   32434 

5.32642 

55.844 

9.27237 

55.839 

6.38845 

6.39094 

55  844 

XI.  12536 

55.842 

6.37952 

6.38213 

55  840 

1 1 . 1097 1 

55  844 

8.51818 

Mean, 

14.83468 

Meai 

55.836 

55-838 

1.  55.838 

In  a  second  paper  Baxter  and  Thorvaldson*  give  another  series  of 
determinations,  like  the  foregoing,  but  starting  with  meteoric  rather  than 
terrestrial  iron.  The  results  obtained  are  essentially  the  same,  as  is  shown 
by  the  subjoined  figures. 

*  Tms  JotJRNAL,  33,  888. 

*  Ibid.,  33,  319. 
■  Ibid,,  33,  337. 
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Weiffht  FeBra. 

Weight  As. 

At.  wt.  Fe. 

Weight  AgBr. 

At.  wt.  Fe 

3 ■ 95460 

3-95631 

55 • 835 

6.88720 

55831 

4 • 66954 

4-67177 

55  825 

8.13282 

55-8i8 

4-75335 

4  75550 

55831 

8.27855 

55  824 

6.95582 

6.95854 

55  844 

12.II329 

55.844 

3 . 20762 

3.20904 

55  833 

5.58632 

55  830 

Mean,    55  834  Mean,    55  829 

The  authors  reject  the  second  and  third  of  these  pairs  of  determinations, 

leaving  to  be  accepted  the  means  55.837  and  55.835.     The  calculations 

are  based  upon  Ag  =  107.88  and  Br  =  79.916. 

Tantalum. — ^The  determinations  of  this  atomic  weight  by  Chapin  and 

Smith*  were  made  by  the  hydrolysis  of  the  pentabromide.     The  weights 

given  below  are  corrected  to  a  vacuum.     Br  =  7992. 


Weight  TaBr5. 

Weight  TaaOi. 

At.  wt.  Ta. 

0.86837 

0.33117 

181.68 

I . 50903 

0.57570 

181.80 

I • 56554 

0.59718 

181.75 

1.23239 

0.47030 

181. 91 

1.31815 

0.50295 

181.85 

I. 31702 

0.50244 

18X.80 

1.20090 

0.45830 

181. 91 

1 .04050 

0.39688 

181.74 

Mean,     181.80 
This  value  is  higher  than  that  previously  found  by  Balke,    181.52, 

from  similar  analyses  of  tantalum  pentachloride. 

Selenium. — Kuzma  and  Krehlik^  have  redetermined  the  atomic  weight 

of  selenium  by  reduction  of  SeOj  with  SOj.    Special  precautions  were 

taken  to  secure  a  perfect  reduction,  and  to  avoid  losses  or  impurities. 

The  essential  figures  are  as  follows: 


Weight  SeOs. 

Weight  Se. 

At.  wt.  Se. 

0.44245 

0.31523 

79 • 290 

0.61918 

0.44122 

79-338 

I .39106 

0.99109 

79.292 

0.66740 

0.47544 

79.257 

0.65154 

0.46414 

79  255 

0 . 96042 

0.68417 

79  253 

1.21088 

0.86256 

79 • 243 

0.75468 

0.53760 

79 . 249 

0.38577 

0.27486 

.79.302 

1.51040 

I  07594 

79 ■ 249 

Mean,    79  273 
Reduced  to  a  vacuum  standard,  Se  -«  79 .  26. 

»  This  Journal,  33,  1497. 

'  Trans.  Bohemian  Acad,  of  Emperor  Francis  Joseph,  19,  No.  13  (19 10).  In 
Bohemian.  I  am  indebted  for  the  details  to  the  kindness  of  Professor  Brauner,  at 
whose  suggestion  the  work  was  done. 
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Tellurium. — Harcourt  and  Baker'  have  criticized  the  work  of  Flint' 
upon  the  supposed  complexity  of  tellurium,  and  conclude  that  the  portions 

a 

of  low  atomic  weight  which  Flint  obtained  were  contaminated  by  some 
impurity.  They  suggest  that  the  basic  nitrate  employed  in  Flint's 
determination  probably  contained  tellurium  trioxide.  Repeating  his 
process  of  fractionation,  they  used  the  fourth  fraction  for  atomic  weight 
determinations,  with  'the  results  shown  below.  The  bromide  method  of 
Baker  was  employed. 

Weight  Tc.  Weight  TeBr*. 

0.87822  2.30103 

0.59706  1.49640 

0.69189  1-73443 

0.62732  1-57254 

o- 58307  1.46162 


At.  wt 

.  Te. 

127 

55 

127 

•55 

127 

■53 

127 

•53 

127 

■53 

Mean, 

127. 

■54 

I  am  informed  that  Flint  is  continuing  his  investigation,  so  that  the 
question  at  issue  still  remains  open.  The  value  now  given  by  Harcourt 
and  Baker  agrees  with  that  found  by  Baker  and  Bennett  in  1907. 

Uranium. — In  three  very  short  notices  Oechsner  de  Coninck'  gives 
approximate  determinations  of  the  molecular  weight  of  UO,.  First, 
UOjClj  was  reduced  to  UO,  by  heating  in  hydrogen.  In  mean,  UO,  = 
270.07.  Similar  reductions  of  UOj.HjO  gave  UO,  =  270.66.  Another 
series  with  UO3.2H2O  gave  UO,  =  270.46.  The  last  value  corresponds 
toU  =  238.46. 

Iridium. — ^Hoyermann*  has  determined  the  atomic  weight  of  iridium 
by  reducing  (NHjJrClft  ^^  a  stream  of  hydrogen.  His  figures  are  sub- 
joined, with  deductions  based  upon  H  =  1.008,  N  =  14.01,  and  CI  = 
3546. 

Weight  chloride.  Weight  Ir.  At.  wt.  Ir. 

1.72348  0.77205  192-645 


77984 

78837 
15161 

73794 


o- 77654 
0.78011 

0.50249 

0.75838 


192.598 

192.533 
»92.635 

192.654 
Mean,    192.613 


Holmium. — The  atomic  weight  of  holmium  has  been  determined  by 
Holmberg,*  by  the  well  known  sulfate  method.  His  syntheses  are  as 
follows : 

*  Jour.  Chem.  Soc.,  99,  131 1. 

*  Am.  J.  Set.,  [4]  30,  209.    Cited  m  this  report  for  19 10. 
'  Compt.  rend.,  152,  711,  1179;  X53,  63. 

*  SiU.  pkys.  med.  Soz.  Erlangen,  42,  278 

*  Z.  anorg.  Chem    71,  226. 
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Weisht  HodOs. 

Weight  HoaCSOf)!. 

At.  wt.  Ho 

0.3467 

0.5687 

163.57 

0.3400 

0.5579 

163.40. 

0.3960 

0.6496 

163.55 

0.7631 

1-2524 

163.31 

0.6877 

I. 1286 

163.33 

0.5378 

0.8822 

163.55 

Mean,    163.45 

Argon. — Fischer  and  Froboese^  have  made  numerous  fractional  dis- 
tillations of  liquid  argon,  and  found  its  density  as  gas  to  be  practically 
constant.     The  final  result  is  d.  19.94-19.95,  and  A  =  39.9. 

Niton. — For  the  atomic  weight  of  niton,  the  gaseous  emanation  of 
radium,  Gray  and  Ramsay'  give  determinations  ranging  from  218-227. 
The  mean  is  223 ;  but  the  value  Nt  =  222.^  is  preferred. 

Miscellaneous  Notes. — ^Hinrichs*  has  reconsidered  aU  the  evidence 
relative  to  the  atomic  weight  of  hydrogen,  and  concludes  that  H  « 
1. 0078 1.  In  another  paper^  he  discusses  the  atomic  weight  of  vanadium, 
which  he  places  at  51  precisely.  A  brief  note  by  Ter  Gazarian*  defends 
his  work  on  the  density  of  PH,.  C.  Henry*  has  considered  the  proper 
mode  of  calculating  atomic  weights.  Relations  between  the  atomic 
weights  are  studied  by  Loring,^  by  Emerson'  and  by  Nicholson.*  Emer- 
son's "helix  chimica"  is  an  arrangement  of  the  elements  on  a  spiral, 
while  Nicholson  develops  a  structural  theory  of  their  formation. 


THE  FREE  ENERGY  OF  DILUTIOIT  OF  HYDROCHLORIC  ACID. 

By  Ricbaxd  C.  Tolmam  and  Alnlbd  L.  Pbrouson. 
Received  December  19.  1911. 

X.  Introduction. 

The  free  energy  of  dilution  of  an  electrolyte  is  usually  obtained  from 
measurements  of  the  electromotive  force  of  concentration  cells.  In  the 
case  of  hydrochloric  acid,  apparently  accurate  measurements  have  been 
made  by  Jahn^*  on  concentration  cells  of  the  type, 

Ag  :  AgQ        HQ  :  HCl        AgCl  :  Ag. 

C,       C, 

»  Ber.,  44,  92. 

*  Proy.  Roy.  Soc^  84 A,  536. 

■  Rev.  gin.  chim.,  13,  351,  377  (1910). 

*  Ptoc.  Am.  Phil.  Soc.,  50,  191. 

*  J.  chim.  phys.f  9,  100. 

*  C.  R.  Assoc.  Franc.  Avance  Sci.,  269  (1909). 
'  Phys.  Z.,  Z2,  107. 

'  Am.  Chem.  J.,  45,  160  (191 1). 

*  Phil.  Mag.,  16]  22,  864. 

»•  Jahn,  Z.  physik.  Chem.,  33,  545  (1900);  35,  i  (1900). 
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If  E  is  the  electromotive  force  of  such  a  cell,  then  EF  is  the  free  energy 
change  accompanying  the  passage  of  one  faraday  of  electricity  through 
the  cell  where  F  is  the  value  of  one  faraday  m  coulombs.  When  one 
faraday  passes,  let  us  suppose  that  i  mols  of  HCl  are  transferred  from 
concentration  C|  to  C,,  then  the  free  energy  of  dilution  per  mol  of  hydro- 
chloric add  is  evidently  equal  to  EF//. 

An  objectipn  to  this  ordinary  method  of  obtaining  the  free  energy 
of  dilution  lies  in  the  uncertainty  as  to  the  meaning  and  value  of  /.  It 
is  customary  to  use  for  /,  t^,  the  Hittorf  transference  ntunber  for  hydrogen 
ion  in  hydrochloric  add,  on  the  assumption  that  t^  will  be  the  number  of 
mols  of  HCl  transferred  from  one  electrode  to  the  other  when  one  faraday 
passes  through  the  solution,  and  if  the  solution  were  of  uniform  con- 
centration throughout  the  cell,  this  would,  of  course,  be  tlien^ase.  In 
the  actual  measurement  of  dectromotive  force,  however,  a  very  small 
amount  of  current  is  allowed  to  pass,  and  this  is  accompanied  by  some 
complicated  change  at  the  boundary  between  the  two  concentrations  of 
add.  It  is  open  to  doubt  whether  this  change  at  the  boundary  is  really 
equiv^alent  per  faraday  to  the  transfer  of  t^  mols  of  hydrogen  radical 
from  C,  to  C,  and  (i  —  tj^)  mols  of  chloride  radical  in  the  opposite  direc- 
&n,  as  would  be  necessary  if  the  total  process  induding  the  dectrode 
effects  is  to  consist  in  the  disappearance  of  t^  mols  of  HQ  from  the  solu- 
tion of  concentration  Cj,  and  their  appearance  at  concentration  C,.  The 
experimental  fact,*  that  the  potential  difference  between  two  liquids 
may  vary  with  the  time  that  they  have  stood  in  contact,  certainly  shows 
that  for  such  cases  the  process  accompanying  the  passage  of  dectricity 
through  the  boundary  is  neither  simple  nor  understood.  In  some  cases 
a  further  uncertainty  as  to  the  value  of  t  arises  from  the  fact  that  the 
Hittorf  transference  number  is  different  for  solutions  of  different  con- 
centration. Moreover,  in  general,  an  exact  determination  of  transference 
number  is  accompanied  by  very  great  experimental  difficulties.  Since 
there  are  these  objections  to  the  customary  method  of  determining  the 
free  energy  of  dilution  of  an  dectrolyte,  and  since  Jahn  reached  some 
rather  extraordinary  and  much  debated  condusions'  from  his  measure- 
ments of  dectromotive  force  it  seemed  desirable  to  determine  the  free 
energy  of  dilution  of  hydrochloric  acid  without  using  cdls  with  liquid 
boundaries.  Sudi  "concentration  cdls  without  transference"  have  been 
used  or  advocated  by  a  number  of  investigators.' 

In  this  research,  the  dectromotive  force  has  been  measured  at  18^ 
between  calomd  and  hydrogen  electrodes  of  cells  containing  hydrochloric 

*  Lewis  and  Rupert,  This  Journal,  33,  299  (191 1). 

'  Airhenius,  Z.  physik.  Ghent,,  36,  38  (1901).     Nemst,  Ibid.,  36,  596  (1901). 
•    *  Ostwald-Luther,    "Physiko-chemische    Messungen,"  p.  449   (19 10).     Lehfeldt, 
"Electro-chemistry,"  Pt.  I,  p.  211. 
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acid  at  a  known  concentration,  C.     Tliis  determines  tlie  free  energy  change 
AFjgo  of  the  reaction, 

V2H2  (i  atm.)  +  HgCl(i^)  =  Hg  +  HCl  (Cone.  C). 

By  making  determinations  with  acid  of  different  concentrations,  it  is 
obviously  possible  to  calculate  by  subtraction  the  free  energy  of  dilution 
of  hydrochloric  acid  from  one  concentration  to  another^ 

2.  Experimental  Method. 

The  experiments  were  carried  out  in  a  thermostat  at  18°  in  cells  of  the 
form  shown  diagrammatically  in  Fig.  i,  which  is  drawn  to  scale,  each 
cell  containing  as  a  check  two  hydrogen  and  two  calomel  electrodes. 
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Fig.  I. 

The  Hydrogen  Electrodes. — ^The  hydrogen  electrodes  A  were  formed 
of  a  piece  of  glass  tubing  about  1  cm.  in  diameter  sealed  off  at  the  lower 
end  and  drawn  out  above  small  enough  to  fit  into  the  lower  end  of  the 
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cQimectmg  tube  B.  They  were  fastened  into  the  connecting  tube  by 
forcing  them  into  the  central  hole  in  the  small  rubber  stopper  C.  The 
electrodes  A  were  previously  covered  with  "Glanzplatin''  (W.  Heraeus) 
and  then  platinized  (3  grams  platinum  chloride,  0.025  gram  lead  acetate, 
100  cc.  H,0,  drop  in  potential  about  four  volts).  Connection  with  the 
electrodes  was  made  by  pouring  mercury  into  the  tube  B  and  inserting 
a  copper  wire. 

In  order  to  obtain,  electrodes  of  sufficient  constancy,  it  was  found 
necessary  to  replatinize  them  at  frequent  intervals  (after  one  or  two 
runs).  The  platinization  was  continued  until  the  electrodes  had  a  velvety 
black  coating  (15-45  minutes).  After  replatinizing,  the  pair  of  elec- 
trodes  were  placed  for  purposes  of  cleaning  in  a  dilute  solution  of  sulfuric 
add  and  made  alternately  anode  and  cathode  (drop  in  potential  four 
volts),  the  current  being  commutated  at  minute  intervals  for  a  length  of 
time  depending  on  the  length  of  platinization.  This  treatment  was  com* 
pleted  by  the  commutation  of  the  current  at  five-second  intervals  during 
a  period  of  several  minutes.  Before  use  the  electrodes  stood  at  least 
over  night  in  distilled  water  and  when  not  in  use  were  kept  in  distilled 
water.  These  electrodes  were  perfectly  reproducible  and  a  number  of 
them  would  not  vary  from  each  other  by  more  than  0.02-0.03  niillivolts 
in  a  day. 

The  Hydrogen  Generator. — ^The  hydrogen  used  was  generated  elec- 
trolytically  from  a  strong  caustic  solution  in  a  generator  of  the  type  de- 
scribed by  Bodenstein.*    The  electrodes  were  of  nickel  wire. 

In  order  to  remove  possible  traces  of  oxygen,  the  gas  was  passed  before 
use  through  a  tube  containing  a  platinum  wire  heated  to  incandescence 
by  an  electric  current.*  The  stream  was  passed  through  a  wash  bottle 
filled  with  distilled  water,  then  bubbled  from  a  fine  capillary  through 
add  of  the  same  concentration  and  temperature  as  that  in  the  cell,  and 
finally  allowed  to  bubble  from  a  fine  capillary  through  the  solution  sur- 
rounding the  platinized  electrodes  and  escape  through  a  tube  into  the  air. 
After  the  cell  had  been  in  operation  for  a  few  hours  it  was  found  ad- 
vantageous to  change  the  flow  of  hydrogen  so  as  to  pass  over  the  solu- 
tion instead  of  bubbling  through  it,  and  this  was  uniformly  done.*  The 
hydrogen  entered  the  cell  at  a  rate  corresponding  to  about  40-50  bubbles, 
the  size  of  a  pea,  per  minute.  When  the  two  hydrogen  electrodes  in  the 
same  cell  differed  considerably  from  one  another,  it  was  sometimes  possi- 
ble to  bring  them  together  by  shaking  them  or  shaking  the  cell  as  a  whole. 

*  Bodenstein  and  Pohl,  Z.  Elektrochem.,ii,  373  (1905). 

'  In  general,  however,  when  the  cturent  was  shut  off  from  the  wire,  the  authors 
woe  able  to  detect  no  difference  in  the  electromotive  force. 

'  Some  very  peculiar  effects  connected  with  the  bubbling  of  hydrogen  are  now 
bemg  investigated  by  one  of  the  writers. 
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In  general,  when  this  was  done  attention  has  been  called  to  the  fact  in  the 
statement  of  the  experimental  results. 

The  Calomel  Electrodes. — ^For  the  two  calomel  electrodes  the  materials 
were  placed  in  small  crystallizing  dishes  one  inch  in  diameter  by  one 
inch  deep  (see  Pig.  i,  D).  The  electrodes  for  the  whole  series  of  measure- 
ments were  prepared  from  the  same  batch  of  materials — ^redistilled  mer- 
cury and  Baker  &  Adamson's  analyzed  calomel  serial  No.  3772.  New 
electrodes  were  prepared  for  each  run  on  the  day  the  run  was  started. 
Mercury  and  calomel  were  mixed  together  without  grinding  to  form  a 
paste  with  a  little  of  the  solution  and  then  stirred  with  a  larger  amount 
of  solution.  In  order  to  obtain  constant  electrodes,  it  was  found  neces- 
sary to  use  considerable  depth  of  calomel  especially  in  the  more  dilute 
solutions.  Connection  with  the  electrodes  was  made  with  the  help  of 
platinum  wires  sealed  into  a  connecting  tube  (see  Pig.  i,  £)  in  which 
mercury  and  a  copper  connecting  wire  could  be  placed.  The  connecting 
tubes  entered  the  cell  inside  the  larger  tubes  P,  to  permit  stirring  without 
loss  of  hydrogen,  which  was  found,  however,  to  be  unnecessary.  Small 
potential  differences  were  found  between  coimecting  tubes  even  when 
they  dipped  into  the  same  mercury.  This  was  specially  noticeable  if 
one  of  the  platinum  wires  was  cut  off  short.  Por  use,  connecting  tubes 
were  chosen  which  showed  practically  no  potential  difference  (0.02-0.03 
millivolts).  The  reproducibility  of  the  calomel  electrodes  was  nearly 
as  good  as  that  of  the  hydrogen  electrodes. 

The  Electrical  Apparatus. — ^The  electromotive  forces  were  measured 
with  an  Otto  Wolff  15,000  ohm  potentiometer  and  suitable  galvanom- 
eter. A  Weston  cell  No.  2041  was  used  as  a  standard  and  was  kept  in 
the  same  thermostat  in  which  the  measurements  were  carried  out. 

The  Hydrochloric  Acid. — ^An  approximately  fifth  normal  stock  solution 
of  hydrochloric  add  was  prepared  by  dilution  with  conductivity  water 
from  Baker  &  Adamson's  analyzed  hydrochloric  add  C.  P.  and  its  con- 
centration determined  by  predpitation  of  AgCl  (five  analyses,  Cl|  per 
1000  grams  solution  7.259,  7.265,  7.266,  7.262,  7.263). 

The  solutions  used  for  measurement  were  o.i  N,  0.02  N,  o.oi  N  and 
0.002  N  and  were  made  from  a  weighed  quantity  of  the  stock  solution  by 
dilution  at  18**,  using  one  liter,  500  cc.  and  100  cc.  flasks.  The  flasks 
were  carefully  calibrated  with  standardized  weights. 

3.  The  Experimental  Results. 
Without  a  critical  examination  of  the  experimental  data,  it  is  im- 
possible to  judge  of  the  value  of  a  series  of  dectromotive  force  measure- 
ments which  pretend  to  more  than  superfidal  accuracy.  The  potentials 
of  electrodes  are  always  somewhat  variable,  and  in  the  case  of  continuous- 
flow  gas  dectrodes  an  additional  complication  is  introduced  by  the  possi- 
bility of  a  progressive  change  in  the  constitution  of  the  solution. 
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In  the  preceding  tables,  I-V,  are  presented  the  experimental  data  from 
which  our  conclusions  are  drawn.  These  tables  include  all  the  measure- 
ments which  were  made  at  i8*^,  except  one  run  in  which  the  electrical 
coimections  were  wrongly  made  so  that  the  different  cells  electrolyzed 
each  other. 

It  will  be  seen  from  the  tables  that  measurements  were  made  at  the 
same  time  on  three  different  cells  containing  solutions  of  different  con- 
centration. In  the  tables  the  first  five  columns  give  the  number  of  the 
reading,  the  date  and  time  when  it  was  taken,  the  temperature  of  the 
thermostat  and  the  height  of  the  barometer.  In  column  A  for  each  cell 
is  given  the  electromotive  force  in  volts  Xio*  between  one  hydrogen  and 
one  calomel  electrode,  and  in  column  B  the  electromotive  force  between 
the  other  two  electrodes.     In  all  cases  the  calomel  electrode  was  positive. 

In  each  set  of  measurements  cell  No.  i  contained  o.i  N  acid.  The 
last  two  columns  of  each  table  give  the  difference  between  the 
average  electromotive  force  in  the  o.  i  A^  acid  and  the  average  found  for 
the  two  weaker  acids.  The  electromotive  force  in  any  one  cell  is  de- 
pendent on  the  barometric  height,  since  that  determines  the  pressure 
of  the  hydrogen  supplied  to  the  electrodes.  If,  however,  the  different 
cells  respond  equally  quickly  to  changes  in  barometric  height  it  is  evi- 
dent that  the  differences  in  electromotive  force  recorded  in  the  last  two 
columns  should  be  independent  of  the  barometric  reading.^  These 
differences  multiplied  by  the  value  of  Faraday's  equivalent  in  coulombs 
give  in  joules  the  free  energies  of  dilution  of  hydrochloric  acid  from  tenth- 
normal concentration  to  the  other  dilutions. 

As  is  to  be  expected,  it  will  be  seen  from  the  tables  that  the  electro- 
motive forces  are  most  reproducible  in  the  more  concentrated  solutions. 
It  will  also  be  noticed  that  the  electromotive  force  of  the  cells  tends  to 
fall  pretty  rapidly  for  several  hours  after  the  cell  is  set  up  and  then  usually 
remains  reasonably  constant  for  two  or  more  days.  In  obtaining  the 
final  averages  the  writers  have  arbitrarily  started  with  the  readings  ob- 
tained on  the  morning  of  the  day  after  the  cell  was  set  up.  Any  readings 
omitted  from  the  final  averages  are  indicated  in  the  notes  accompanying 
the  tables. 

*  Under  favorable  conditions,  the  authors  have  had  no  difficulty  in  observing  the 
connection  between  barometric  height  and  the  electromotive  force  of  the  hydrogen 
electrode,  the  variations  in  electromotive  force  being  of  the  calculated  order  of 
magnitude,  but  in  general  lagging  somewhat  behind  the  barometric  changes.  A 
further  advantage  of  always  measuring  a  cell  containing  o.i  N  acid  along  with 
the  other  concentrations  lies  in  the  practical  elimination  of  errors,  due  to  changes  in 
the  electromotive  force  of  the  standard  cell.  Any  errors  in  the  electromotive  force 
of  the  standard  cell  produce  an  equal  percentage  error  in  each  of  the  electromotive 
forces  measured.  Since  these  electromotive  forces  are,  however,  of  the*same  order 
of  magnitude  the  error  from  this  source  in  their  difference  is  negligible. 
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In  the  final  averages  it  did  not  seem  necessary  to  make  any  allowance 
for  the  fact  that  the  readings  were  not  taken  at  equal  intervals  of  time. 

It  should  be  specially  noticed  that  after  the  readings  have  become 
constant  (i.  «.,  beginning  with  the  day  following  the  setting  up  of  the 
ceU),  no  systematic  tendency  appears  for  the  electromotive  forces  to  vary 
either  upward  or  downward.  In  an  extensive  series  of  measurements 
which  the  authors  had  previously  made  at  25®,  the  electromotive  forces 
showed  a  continued  and  decided  tendency  to  decrease,  especially  in  the 
more  dilute  solutions.  In  these  earlier  measurements,  however,  instead 
of  changing  the  hydrogen  so  as  to  flow  over  the  solution  it  was  bubbled 
through  the  solution  during  the  whole  run.  The  cells  were  arranged, 
moreover,  with  the  hydrogen  and  calomel  electrodes  in  the  separate  arms 
of  an  H  tube.  The  constancy  of  the  measurements  reported  appears  to 
be  quite  satisfactory. 

Table  VI  summarizes  the  average  values  found  in  each  set  of  measure- 
ments for  the  difference  between  the  electromotive  force  in  the  0.1  N 
solutions  and  the  more  dilute  solutions.  The  final  averages  for  all  the 
sets  of  measurements  are  also  presented  together  with  the  average  devia- 
tion from  the  mean.  Owing  to  the  wide  deviation,  the  bracketed  value 
bas  been  omitted  entirely  from  the  calculations.  An  examination  of  the 
(able  will  afford  an  idea  of  the  reproducibility  of  the  measurements. 

Table  VI. — Diffbrkncbs  bktwbbn  E.  M.  F.  in  0.1  N  Solution  and  Dilute  Solu- 
tion. 

0.02  N-4)A  N.  0.01  A^-0.1  N.  0.002  N~0.l  N. 

(0.07437)  0.10930  0.18520 

0.07607  0.10895  O.X8859 

0.07609  0.18753 

0.07632  

0.07618  

Average,       0.07617  0.10913  0.18711 

±0.00009  ±0.00018  ±0.00127 

The  value  in  joules  for  the  free  energy  of  dilution,  AF^ ,  from  o.i  N 
to  the  more  dilute  solutions  (of  concentration  C)  have  been  obtained  by 
multiplying  the  final  average  differences  in  electromotive  force  by  the 
value  of  Faraday's  equivalent,  96580  coulombs.  These  values  are  rep- 
resented in  the  second  column  of  Table  VII.  The  free  energies  of  dilu 
tion  are,  of  course,  all  negative. 

4.  The  Fugacity  of  Hydrochloric  Acid. 

Accurate  data  on  the  free  energy  of  dilution  of  an  electrolyte  are  chiefly 
valuable  for  their  bearing  on  the  problem  of  ionic  dissociation.  Em- 
ploying the  well  adapted  conceptions  introduced  by  Lewis*  in  his  system 

*  Lewis,  Proc.  Amer.  Acad.,  37,  49  (1901):  Ibid.,  43,  259  (1907);  Z.  physik.  Chcni., 
A  205  (1901); /6t<i.,  61,  129(1907).     Ill  the  second  of  the  above  articles,  Professor 
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of  thermodynamic  chemistry  let  us  represent  the  fugacity  of  undisso- 
ciated  HCl  in  o.i  iV  solution  by  the  S3rmbol  /j^q,  and  its  fugacity  in  other 
concentrations  under  consideration  by  //hq-  Similarly,  f^,  /g,  /'^  -and 
/'q  will  represent  the  fugadties  of  the  ions.  If  AP^  is  the  free  energy 
change  accompanying  the  transfer  of  one  mol  of  hydrochloric  add  from 
the  O.I  iV  solution  to  one  of  the  more  dilute  solutions,  we  may  write  the 
following  evident  relation, 

-AF^.  =  RT  In -^  =RTln-^. 

/  Ha  /  H/ a 

Further,  since  C^,  the  concentration  of  hydrogen  ion  in  any  solution,  is 
equal  to  C^J,  the  concentration  of  chloride  ion,  we  may  assume  /J  =  /^ 
and  write 

.    -AF^.  -  2RT  In  ^. 

/  H 

These  '*fugadty  ratios"  have  been  calculated  from  the  free  energy  data; 
using  the  value  R  equals  8.3162  joules  per  degree,  T  equals  291.13^, 
and  are  given  in  columns  four  and  six  of  Table  VII.  In  these  columns 
are  also  presented  the  deviations  produced  in  the  "fugadty  ratios"  by 
the  average  deviations  from  the  mean  electromotive  forces  given  in  Table 
VII. 

Table  VII. 

C.  E.  M.  F.  -AF.  /HCi/fHa.  CHo/Cna-     tn^/fn^'  ChVC'h+. 

0.02 N  0.07617  7356.5  20.9  db  0.1  7.76        4.57   ±  o.oi  4.78 

o.oiN  0.10913  1054.0  77.7  ±  0.3  17.3  8.82  ±  0.03  9.49 

0.002N  0.18711  1807. 1  174.4  ±  9.1         112. 5        41.8     ±  i.i  46.7 

In  general,  it  has  been  found  for  dilute  solutions  of  non-electrolytes, 
and  weak  dectrolytes,  that  the  "active  mass"  or  fugadty  of  the  sub- 
stances present  is  proportional  to  thdr  concentration.^  For  this  reason 
we  have  calculated  from  conductivity  measurements,  and  presented  in 
Table  VII  for  comparison  the  ratios  of  the  concentration  of  undissodated 
HCl  in  0,1  N  acid  to  that  in  the  more  dilute  solutions,  as  wdl  as  the 
ratios  of  the  concentration  of  hydrogen  ion  in  o.i  N  solution  to  that  in 
the  more  dilute  solutions. 

In  calculating  these  concentration  ratios,  we  have  used  the  conductivity 
measurements  of  Kohlrausch'  employing  for  A^  the  value  396  obtained 

Lewis  has  definitly  stated  as  a  problem  for  research  the  determination  of  the  relation 
between  the  concentration  and  fugadty  (activity)  of  the  components  of  an  electro- 
lytic solution.  This  article  is  a  contribution  to  the  quantitative  solution  of  that  prob- 
lem. The  fugacity  of  a  substance  and  its  activity,  a,  are  connected  by  the  equation 
/  —  aRT.  Hence,  the  ratios  for  the  fugadties  of  HCl  and  H*^,  given  above,  are  the 
same  as  the  corresponding  activity  ratios. 

*  See  Lewis,  This  Journal,  30,  673  (1908). 
'  Landolt  and  Bdmstein. 
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from  the  work  of  Noyes  and  Sammet.^  The  ratio  of  the  concentrations 
of  the  undissodated  acid  in  the  two  solutions  was  calculated  from  the 
evident  expression, 

C'hq         ^o — ^'     ^'  ' 
where  X  and  A'  are  the  equivalent  conductances  of  the  two  solutions  of 
normality  n  and  n^    The  ratio  of  hydrogen  ion  in  the  two  solutions  was 
calculated  from  the  equation, 

C+         J^     n 

Referring  now  to  Table  VII,  we  notice  wide  discrepancies  between  the 
fugadty  ratios  and  the  concentration  ratios  of  the  undissodated  add  as 
wdl  as  smaller  but  real  differences  between  these  ratios  for  the  ions.* 

If  we  asstmie  that  calculations  from  conductivity  measttfements  give 
true  values  for  the  degree  of  dissociation  of  a  "strong"  electrolyte,  we 
can  not  further  explain  these  discrepandes  exhibited  by  the  ratios  in 
Table  VII,  but  must  merdy  state  that  for  "strong"  dectrolytes,  even 
in  diluie  solutions,  the  fugadty  of  the  ions  is  not  strictly  proportional 
to  their  concentration,  while  the  fugadty  of  the  undissodated  electrolyte 
is  very  far  from  proportional  to  its  concentration. 

The  remarkable  nature  of  this  result,  however,  may  well  be  emphasized, 
since  for  all  ordinary  solutions,  induding  even  those  of  "weak"  dec- 
trolytes, fugadty  and  concentration  have  been  found  dosdy  proportional 
over  wide  ranges  of  concentration."  In  fact,  this  apparent  deviation, 
for  solutions  of  "strong"  dectrolytes  from  the  laws  obeyed  by  all  other 
solutions,  must  cause  us  to  regard  with  great  suspicion  the  calculation 
of  ionic  concentration  from  conductivity  measurements  in  the  usual 
manner.    Sudi  calculations  assume  in  general  that  the  ions  move  with 

'  Noyes  and  Sammet,  This  Journal,  34,  944  (1902). 

'  Before  doing  this  work  at  18^,  the  authors  carried  out  an  extensive  series  of 
measurements  at  25^  with  solutions  of  concentrations  0.2,  o.i,  0.02,  0.01  N.  These 
measurements  were  made  in  cells  less  well  adapted  to  the  purpose  than  the  ones  de- 
scribed above  and  the  electromotive  forces  measured  were  more  variable.  Neverthe- 
kas,  the  computations  led  in  every  instance  to  similar  differences  between  the  fugacity 
and  concentration  ratios.  Jahn,  using  KCl,  NaCl  and  HCl  solutions,  also  obtained 
similar  differences  for  the  ions  between  the  concentration  ratios  as  calculated  from 
conductivity  and  electromotive  force  measurements.  His  data  might  also  have  been 
empkiyed  for  calculating  the  fugacity  ratios  for  the  undissociated  part  of  the  electro- 
i3rte.  A  result  of  this  nature  was  to  be  expected  because  of  the  well  known  deviations 
horn  the  Ostwald  dilution  law  shown  by  strong  electrolytes  when  their  degree  of  dis- 
sociation is  calculated  from  conductivity  measurements.  That  the  discrepancies  for 
the  ions  should  be  less  than  for  the  undissociated  part  of  the  electrolyte  is  to  be  ex- 
pected from  the  approximate  validity  of  the  principle  of  solubility  product.  See  also 
Le^ris,  loc.  cit.  For  other  examples  of  such  deviations  ;;ee  Lewis  and  von  Ende,  This 
Journal,  32,  737  (1910).  Bray  and  MacKay,  This  Journal,  32, 930  (1910);  3^9  1213 
(1910). 

» Lewis,  This  Journal,  30,  668  (1903). 


346  JOEL  H.    HILDEBRAND. 

the  same  velocity  under  unit  potential  gradient  in  solutions  of  all  different 
concentrations.  The  validity  of  this  assumption  was  denied  by  Jahn,' 
who  explained  his  results  by  assuming  increased  speed  with  increased 
concentration.  It  is  greatly  to  be  hoped  that  further  investigation  will 
throw  light  upon  the  actual  facts. 

In  later  articles  one  of  the  authors  will  present  a  method  of  calculating 
relative  degrees  of  ionization  from  conductivity  and  transference  data 
without  assuming  that  the  ions  move  with  the  same  velocity  at  different 
dilutions.'  Methods  will  also  be  presented  of  calculating  the  free  energy 
of  dilution  from  freezing-point  and  vapor-pressure  data. 

The  experimental  work  described  in  this  article  was  done  in  the  chemical 
laboratory  of  the  University  of  Michigan. 

Cincinnati.  Ohio,  and  Ann  Arbor.  Mich. 


[Contribution  prom  thb  John  Harrison   Laboratory  of  ths  Univbrsity   op 

Pennsylvania.] 

THE  THERMAL  DISSOCIATION  OF  BARIUM  PEROXIDE. 

By  Jobl.  H.  Hildbbrand. 
Received  January  15.  1912. 

Introduction. 

The  equilibrium  between  barium  oxide,  peroxide  and  oxygen  has  a 
technical  interest  due  to  the  jse  of  barium  peroxide  in  the  preparation  of 
hydrogen  peroxide,  and  in  the  historic,  though  now  almost  abandoned, 
Bria  process  for  oxygen.  It  must  also  share  in  the  general  interest  given 
to  all  heterogenous  equilibria  by  the  discussion  of  the  applicability  to 
them  of  Nemst's  heat  theorem.*  In  addition  to  the  researches  of  Bous- 
singault  and  others  on  this  equilibrium  we  have  the  measuremerts  of 
LeQiatelier*  of  the  dissociation  pressures  between  525*^  and  790°.  In 
view  of  the  discrepancies  between  later  work  and  that  of  Le  Chatelier, 
and  the'  desirability  of  exact  knowledge  of  this  equilibrium,  the  following 
work  was  undertaken.  Since  its  completion  the  writer  has  discovered 
a  thesis  by  Wilhelm  Becker,  "Zur  Frage  der  Erdalkaliperoxydbildung,  "* 
.  to  which  reference  will  be  made  in  the  discussion  of  the  results  of  this 
work. 

Apparatus. 

The  accuracy  of  measurements  of  this  sort  depends  greatly  upon  the 
accuracy  with  which  the  temperature  can  be  maintained  and  measured. 

*  See  note,  p.  245. 

^The  possibility  of  combining  transference  and  conductivity  measurements  for 
calculating  the  degree  of  dissociation  of  electrolytes  was  suggested  to  the  writer  by 
Professor  Lewis. 

'  Foote  and  Smith,  This  Journal,  30, 1344.  Walden,  Ibid.,  1350.  Johnston,  find., 

1357. 

**  Compi.  rend.,  115,  655  (1892). 

*  Prag.,  1909.     (Work  done  at  Karlsruhe.)  ^ 
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Every  e£Fort  was  made,  therefore,  to  measure  the  temperature  with 
imusual  care.  For  this  purpose  a  Pt,  Pt-Rh  thermocouple  was  used,  made 
by  Heraeus  and  calibrated  just  before  use  by  the  Bureau  of  Standards. 
From  the  cktta  given  by  the  Bureau  the  constants  in  the  familiar  quad- 
ratic formula  were  calculated  comiecting  temperature  and  e.  m.  f .  The 
e.  m.  f .  of  the  couple  was  determined  by  the  aid  of  a  Wolff  potentiometer, 
a  Leeds  and  Northrup  ''Type  H"  galvanometer,  and  a  Weston  cell, 
standardized  by  the  Bureau  of  Standards.  The  constant  potential  was 
obtained  from  two  large  cells  as  described  by  Htdett.^  The  accuracy 
of  this  combination  was  tested  further  by  determining  the  melting  point 
of  pure  zinc.  The  e.  m.  f .  at  which  the  zinc  solidified  gave,  by  use  of  the 
formula  for  the  couple,  the  true  value,  419^.  Any  errors  in  the  values 
for  temperature  given  later  can  hardly  be  due  to  the  method  of  measure- 
ment, but  must  be  ascribed  to  the  diiBculty  of  maintaining  high  tempera- 
tures constant  within  (me  or  two  degrees.  For  the  experiments  in  which 
precision  was  not  required  the  temperature  was  determined  by  means 
of  a  Siemens-Halske  galvanometer,  the  scale  of  which  was  corrected  by 
use  of  the  values  obtained  with  iht  potentiometer.  In  all  the  precision 
work  the  cold  junction  was  maintained  at  o^  by  immersion  in  cracked 
we. 

The  peroxide  was  heated  in  an  electric  furnace  made  by  winding  on 
a  porcelain  tube,  2.2  X  30  cm.,  two  layers  of  "Nichrome**  ribbon,  Vi* 
indi  wide  and  0.0035  iadd  thick.  The  layers  had  resistances  of  70  and 
90  ohms,  respectively.  They  were  insulated  from  each  other  and  pro- 
tected from  the  tube  by  asbestos  paper  and  a  paste  made  of  water  glass 
and  magnesia.  Tne  whole  was  packed  with  broken  pipe  covering  into 
an  earthenware  pipe  and  the  ends  fastened  with  asbestos  board  and  the 
water  glass  paste.  The  two  coils  could  be  connected  either  sepaiately, 
m  series,  or  in  parallel,  an  arrangement  permitting  great  variations  in 
temperature  without  requiring  a  regulating  rheostat  of  great  capacity 
or  the  undue  waste  of  current.  A  temperature  of  over  1000^  was  easily 
obtained  with  this  furnace.  To  insure  uniform  temperature  in  the  mid- 
dle third  of  the  tube,  not  only  was  the  ribbon  wound  more  closely  at  the 
ends  than  at  the  middle,  but  a  copper  tube  12  cm.  long,  and  covered 
with  water  glass  to  prevent  oxidation,  was  placed  within  the  porcelain 
tube  of  the  furnace.  When  the  ends  of  this  copper  tube  were  plugged 
with  asbestos  the  temperature  was  constant  within  one  degree  throughout 
tbe  interior.  The  current  heating  the  furnace  was  controlled  by  means 
of  a  rheostat  and  ammeter. 

In  order  that  the  equilibrium  pressures  might  be  attained  rapidly, 
tbe  space  to  be  filled  by  the  evolved  oxygen  was  made  as  small  as  pos- 
sible, not  only  in  the  tube  containing  the  peroxide,  but  in  the  manometer 

*  Pkys.  Rev.,  27,  33  (1908). 
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as  well.  The  tubes  used  differed  slightly  in  the  different  experiments 
so  they  will  be  described  as  the  experiments  are  taken  up  in  detail.  The 
manometer  was  arranged  so  that  mercury  could  either  be  poured  in  from 
a  pipet  at  the  top  of  the  open  arm  or  run  out  at  the  bottom  through  a 
stopcock,  thereby  making  it  possible  to  keep  the  merciwy  at  approxi- 
mately the  same  height  in  the  arm  leading  to  the  tube  containing  the 
peroxide,  in  spite  of  changes  of  pressure  in  the  latter.  Moreover,  im- 
mediately above  the  mercury  the  manometer  tube  narrowed  to  a  capillary 
which  led  to  the  tube  in  the  furnace  and  had  a  T-arm  provided  with  a 
stopcock  through  which  the  apparatus  was  exhausted  at  the  beginning 
of  each  experiment  and  oxygen  could  be  removed  later  on.  The  open 
arm  of  the  manometer  was  twice  as  long  as  the  constant  level  arm^  so 
that  pressures  could  be  measured  between  o  and  2  atmospheres.  The 
position  of  the  mercury  was  measured  on  a  scale  clamped  to  the  man- 
ometer, a  sliding  device  being  used  to  avoid  parallax.  Pressures  could 
be  read  to  within  0.2  mm.,  but  the  unavoidable  temperature  errors 
make  such  accuracy  unnecessary. 

A  small  but  efficient  home-noiade  Antropoff  pump^  served  for  exhaust- 
ing the  apparatus  and  removing  oxygen. 

Material  Used. 

The  barium  peroxide  used  was  prepared  from  "C.  P."  barium  hy- 
droxide. The  latter  was  recrystallized  and  freed  from  carbonate,  dis- 
solved in  cold  water  and  treated  with  successive  portions  of  hydrogen 
peroxide,  precipitating  hydrated  baritun  peroxide.  The  first  precipitate 
was  rejected,  the  middle  fraction  being  filtered,  washed,  pressed  dry, 
and  put  at  once  into  a  desiccator  over  phosphorus  pentoxide  which  was 
then  evacuated.  It  was  left  thus  for  two  weeks,  during  which  time  all 
but  a  trace  of  the  water  was  removed,  leaving  the  anhydrous  peroxide. 
A  portion  of  this  material  was  tested  with  the  spectroscope.  No  calcium 
or  strontium  could  be  detected. 

Investigation  of  the  Nature  of  the  Phases. 

Several  preliminary  measurements  of  pressure-temperature  curves 
gave  different  values  of  pressure  at  the  same  temperature  in  the  different 
experiments,  showing  the  system  to  be  divariant,  which  proved  that, 
since  there  were  two  components,  only  two  phases  could  be  present, 
indicating  that  the  barium  oxide  resulting  from  the  decomposition  of 
part  of  the  peroxide  did  not,  at  least  at  first,  appear  as  a  new  phase,  but 
must  form  a  solid  solution  with  the  excess  of  peroxide.  This  important 
fact  is  merely  mentioned  by  LeChatelier,  no  details  being  given.  It 
seems  to  have  escaped  the  notice,  therefore,  of  even  the  most  detailed 
text-books. 

»  Chetn.  Ztg.,  34,  979  (1910). 
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In  order  to  investigate  the  phase  relations  of  the  system,  a  study  was 
made  of  the  effect  upon  the  pressure  of  removing  successive  portions 
of  oxygen,  the  temperature  being  held  constant.  For  this  purpose  a 
pipet-shaped  vessel  with  a  volume  of  about  20  cc.  was  made  of  Jena 
glass,  the  bulb  filled  with  o.  708  g.  of  BaO,,  and  a  closed  Jena  tube  slipped 
into  the  larger  outlet  of  the  **pipet.*'  Into  the  larger  tube  of  the  "pipet" 
was  inserted  a  slightly  smaller  one,  closed  at  the  inner  end  which 
was  pushed  into  the  middle  of  tne  charge  and  cemented  to  the  "pipet" 
at  the  outer  end  with  marine  glue.  This  tube  served  as  the  protecting 
sheath  into  which  the  thermocouple  was  placed,  the  wires  being  insu- 
lated from  each  other  by  Jena  tubing  i  mm.  in  diameter.  The  charged 
"pipet"  was  placed  in  the  electric  furnace  and  the  smaller  tube  leading 
from  the  bulb  was  cemented  to  the  manometer  with  marine  glue.  The 
ends  of  the  electric  furnace  tube  were  plugged  with  asbestos  as  far  in  as 
the  ends  of  the  bulb  of  the  "  pipet. '' 

The  apparatus  was  exhausted  to  less  than  i  mm.  at  200^.  The  tem- 
peratiu-e  was  then  raised  to  750**  and  oxygen  was  removed  in  successive 
portions,  collected  in  a  eudiometer  over  mercury  at  the  outlet  of  the 
pump,  the  volume,  temperature,  and  pressure  of  the  oxygen  in  the  eudi- 
ometer, and  the  pressure  of  that  in  the  "pipet"  in  the  furnace  being 
noted  after  each  removal.  The  volume  of  oxygen  removed  was  reduced 
to  standard  conditions,  and  the  pressure  corrected  by  frequent  readings 
of  the  barometer,  the  proper  temperature  corrections  being  made  in  each 
case. 

Tabids  I. 
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37.7 
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61.4 
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39.7 

lOI 

63.3 
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42.4 
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64.1 

0 

51.4 
53-9 
55.8 
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"7 
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III 
0 

The  results  are  given  in  lable  I  and  plotted  in  Curve  I  in  Fig.  i.     The 
higher  pressures  have  no  quantitative  significance  in  this  case  because 
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the  volume  of  the  "pipet,"  manometer,  and  connecting  tubes  was  not 
known,  hence  it  was  impossible  to  calculate  how  much  oxygen  had  been 
removed  from  the  barium  peroxide  but  still  remained  in  the  apparatus. 


^ 


-*cc  Q2.rc>noved   per  jram  BaO^, 

Fig.  I. 

The  results  show  quite  clearly,  however,  that  the  system  is  divariant 
until  about  one-third  of  the  peroxide  has  been  decomposed,  and  then 
univariant  till  about  92%  has  been  decomposed,  and  theo  divariant 
again.  It  is  thus  quite  evident,  in  the  light  of  the  phase  rule,  that  there 
can  exist  two  solid  solutions,  one  of  barium  oxide  in  peroxide,  and  another 
of  peroxide  in  oxide,  and  that  the  usual  pressure-temperature  curve  has 
a  definite  significance  only  in  the  region  where  these  two  solid  solutions 
are  saturated  and  coexistent.  In  the  univariant  system  eqtdlibrium 
is  reached  very  rapidly;  in  the  divariant  system  more  slowly,  since  dif- 
fusion in  the  solid  must  take  place  till  a  new  concentration  is  reached. 
In  order  to  ascertain  more  acciu-ately  the  limits  of  the  univariant 
system,  containing  tubes  were  made  having  as  littie  volume  as  possible 
in  excess  of  that  occupied  by  the  peroxide.  The  values  given  in  Column 
II  were  obtained  using  a  quartz  tube  as  shown  in  Fig.  2.  The  end  was 
blown  into  a  bulb  in  an  oxy-gas  flame.    The  inner  tube,  protecting  the 
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ooupk,  fitted  snugly  within  the  outer,  connection  being  made  between 
the  latter  and  the  manometer  by  means  of  the  T-tube  shown  on  the 
figure.    The  parts  were  cemented  together  by  means  of  marine  glue.    A 


Fig.  2. 

fine  quartz  tube  insulated  the  wires  of  the  thermocouple  from  each  other 
(not  shown  in  the  figure).     The  bulb  was  packed  tightly  with  1.415 
grams  of  barium  peroxide  in  this  experiment.     When  set  up  as  described 
the  free  space  in  the  tube  was  determined  by  collecting  and  measuring 
the  air  removed  in  the  process  of  exhaustion.    This  was  found  to  be 
3.54  cc.    The  values  given  for  '*  cc.  of  O,  removed, "  in  this  and  subsequent 
experiments,  include  the  oxygen  remaining  in  the  apparatus,  and  thus 
represent  the  amount  of  oxygen  removed,  not  from  the  apparatus,  but 
from  the  peroxide.    Since  the  charge  contracts  as  it  decomposes,  and 
ance  the  oxygen  in  the  above  free  space  of  3.54  cc.  is  not  all  at  the  same 
temperature,  the  correction  is  not  very  accurate,  as  a  mean  temperature 
had  to  be  selected  rather  arbitrarily  in  reducing  the  volume  to  o^  and 
76  cm.     Of  course,  at  lower  pressures  the  amount  in  the  tube  is  small, 
so  that  the  correction  is  then  small.    Experiments  III  and  IV,  where 
the  free  space  is  still  smaller,  and  the  pressure  when  the  system  begins 
to  be  univariant  is  low,  are  thus  more  accurate  than  this  one.    The  tem- 
perature in  Experiment  II  was  kept  constant  at  794°.    A  slight  drop 
in  pressure  is  noticed  in  the  middle  portion  of  the  curve  where  the  pressure 
should  apparently  be  constant.    The  reason  for  this  becomes  dear  in 
the  next  two  cases. 

In  Experiment  III,  carried  out  at  710®,  the  charge  was  placed  in  a 
Jena  tube,  the  lower  temperatture  not  requiring  quartz.  A  thick-walled 
bulb  was  blown  on  the  end  of  a  tube  and  filled  with  2.029  g.  of  peroxide. 
Into  the  tube  between  the  bulb  and  the  end  connected  with  the  man- 
ometer was  slipped  a  closely  fitting  rod  of  Jena  glass  to  reduce  the  free 
space  as  much  as  posrible.  The  thermocouple  was  introduced  into  tne 
other  end  of  the  furnace,  so  that  the  jtmction  was  beside  the  bulb  con- 
taining the  peroxide.  The  free  space  in  the  tube  was  reduced  to  2.5  cc. 
by  this  arrangement.  The  system  became  divariant  when  about  12  cc. 
of  oxygen  had  escaped  from  i  g.  of  peroxide.  The  pressure  decreased 
sBghtly  and  the  evolution  of  oxygen  ceased  after  28  cc.  per  g.  of  peroxide 
had  been  withdrawn.  This  is  in  accordance  with  the  fact  that  a  slight 
amount  of  water  must  be  present  as  a  catalyst  in  order  for  the  reaction 


252  JOEL  H.    HILDEBRAND. 

to  proceed.  This  behavior  is  reported  by  LeChatelier  and  others,  and 
is  taken  account  of  in  the  Brin  process  for  oxygen,  where  the  air  used 
to  regenerate  the  peroxide  must  not  be  completely  dried,  as  the  absorption 
will  not  then  take  place.  This  experiment  having  been  performed  two 
weeks  later  than  the  previous  one,  and  the  peroxide  having  remained  in 
the  desiccator  in  the  interval,  it  contained  less  water,  what  there  was 
being  removed  with  the  first  portion  of  oxygen,  leaving  the  charge  too 
dry  to  react. 

Experiment  IV  was  carried  out  at  the  same  temperature,  710®,  the 
only  difference  being  that  a  quartz  tube  was  used  instead  of  one  of  glass. 
The  charge  weighed  1.393  g.,  and  the  unoccupied  volume  was  2.5  cc. 
The  results  are  shown  in  the  table  and  curve.  After  the  removal  of  42.4 
ec.  of  oxygen,  the  evolution  ceased,  as  in  the  previous  experiment.  A 
few  milligrams  of  water  were  admitted,  whereupon  the  pressure  rose 
slightly  and  the  evolution  of  oxygen  continued  till  55.8  cc.  were  removed, 
after  which,  the  water  not  having  permeated  the  whole  charge,  the  pres- 
sure fell  and  60.3  cc.  were  obtained  with  difficulty. 

In  Experiment  V  the  effect  of  a  larger  quantity  of  water  is  illustrated. 
The  tube,  of  Jena  glass,  contained  1.019  g.  of  peroxide  and  0.34  g.  of  water 
(of  which  much  was  driven  out  of  the  peroxide  space  before  higher  tem- 
peratures were  reached).  The  free  space  was  1.2  cc.  The  temperature 
was  695®. 

It  is  quite  evident,  from  these  results,  that  this  equilibrium  can  be 
understood  only  by  taking  into  accotmt  both  the  part  played  by  the 
water  present  and  the  existence  of  solid  solutions. 

The  presence  of  water  introduces  the  equilibrium: 

BaO  +  H,0  ^  Ba(OH),. 

It  seems  likely*  that  the  barium  peroxide  decomposes  first  into  oxygen 
and  hydroxide,  thus: 

BaO,  +  H,0  51?:  Ba(OH),  +  V3O2, 

and  that  the  oxide  is  formed  from  the  latter,  regenerating  water.  The 
complete  equilibrium  might  therefore  be  written  thus : 

BaOa  +  HjO  ^±  Ba(OH),  +  VA  ^:^  BaO,  +  H,0  -f  V2O2. 
In  addition,  the  oxide  and  peroxide  are  soluble  to  a  limited  extent  in 
each  other.  According  to  Johnston,'  who  measured  the  dissociation 
pressures  of  barium  hydroxide  at  different  temperatures  the  hydroxide 
and  oxide  seem  to  form  no  solid  solutions  with  each  other.  It  would 
seem  unlikely,  also,  that  the  peroxide  and  hydroxide  should  form  a  solid 
solution,  which  is  confirmed  by  the  behavior  of  Curves  III  and  IV,  es- 
pecially the  latter.    As  the  charge  becomes  dry  the  pressure  falls  about 

^  See  Dissertation  of  Becker,  pp.  28-32. 
«  Z.  physik.  Chem.,  62,  330  (1908). 
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20  cm.,  and  then  rises  an  equal  amount  upon  the  addition  of  a  little 
water,  ,and  the  consequent  formation  of  hydroxide.  Now  Johnston 
gives  the  following  values  for  the  dissociation  pressure  of  barium  hy* 
droxide: 

t^  C 670  749        829       910       998 

^(nun.  ofHg) 17.4  55        149        355        760 

Using  the  van't  Hoflf  "reaction  isochore"  the  pressure  at  710®  is  calcu- 
lated to  be  28  mm.,  just  a  little  more  than  the  above  drop  as  the  material 
became  dry,  or  as  the  hydroxide  present  was  decomposed.  The  fall 
is  not  sudden  as  the  amotmt  of  hydroxide  present  gradually  becomes 
less  and  hence  gradually  less  able  to  give  off  enough  water  vapor  to  exert 
the  full  equilibrium  pressure.  If  equilibrium  were  attained  the  phase 
rule  shows  that  when  the  following  phases  are  present,  gas  (O,  and  H,0), 
Ba(0H)2,  and  two  saturated  solid  solutions  of  barium  oxide  and  peroxide, 
each  on  the  other,  the  system  is  univariant,  and  therefore  can  exert  only  one 
pressure  for  every  temperature.  At  the  beginning  and  end  of  the  curve, 
when  only  one  solid  solution  is  present,  the  system  possesses  an  additional 
degree  of  freedom,  so  that  concentration  must  be  fixed  in  order  to  fix 
the  pressure.  The  different  values  shown  by  the  curves  at  which  the 
system  becomes  univariant  are  evidently  due  to  initial  diflFerences  in  the 
water  or  barium  hydroxide  contained  in  the  charge.  The  original  hy- 
drated  peroxide,  though  spread  out  in  the  desiccator  in  as  thin  layers  as 
possible,  would  hardly  dry  tmiformly,  and  even  in  the  cold  decompose 
slightly  according  to  the  second  equation  given  above.  The  mutual 
solubilities  of  the  oxide  and  peroxide  may  also  increase  with  the  temper- 
ature, as  comparison  of  Curve  II  with  the  others  would  seem  to  indicate. 
However,  the  difference  between  the  saturation  points  of  II  and  IV,  at 
different  temperatures,  is  less  than  the  difference  between  III  and  IV, 
at  the  same  temperature,  so  that  the  restdts  give  no  very  definit  infor- 
mation on  this  point.  The  increase  would  seem  to  be  not  very  great, 
which  would  be  in  accordance  with  the  practically  constant  heat  of  reac- 
tion calculated  later. 

These  results  accord  with  and  further  explain  those  of  Becker,  and 
give  additional  information  concerning  the  control  of  this  reaction. 

Becker  passed  oxygen  under  slightly  more  than  one  atmosphere  pres- 
sure over  barium  oxide  heated  to  a  definit  temperature  in  an  electric 
oven.  Successive  equal  samples  were  acted  upon  by  the  oxygen  of 
definit  moisture  content  for  equal  times  and  the  product  analyzed,  the 
results  showing  the  per  cent,  of  peroxide  formed  at  various  tempera- 
tures.   Among  other  results  obtained  by  him  the  following  are  typical: 

Temperature 1 .     200    300    350    400    500    600    700    750    800    850    900 

%  BaO,  tismg  oxygen. .     3.7  17.3  71.  i  96.4     100     10096.9    61.9  18.2  3.4    0.9 
%  BaO,  using  air 18.2  70.469.253.830.9  5.9 
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It  is  to  be  expected  that  the  reaction  will  be  incomplete  at  low  tempera- 
tures on  accomit  of  low  velocity.  The  gradual  decrease  in  the  yield,  how- 
ever, for  which  Becker  fails  to  accomit,  can  be  explained  only  by  the 
existence  of  a  solid  solution  of  peroxide  in  oxide,  as  otherwise  the  system 
would  be  tmivariant  at  the  end,  and  as  soon  as  the  temperature  had 
risen  to  a  certain  value  the  yield  would  fall  at  once  to  zero.  A  yield  of 
lOo  per  cent,  was  obtained  only  at  600®  and  below,  although  the  meas- 
urements of  Le  Chatelier  would  indicate  this  yield  up  to  about  800^  where, 
according  to  his  measurements,  given  later,  the  dissociation  pressure 
becomes  one  atmosphere.  The  curves  here  given,  however,  show  that 
in  order  to  obtain  a  yield  of  100  per  cent,  not  only  must  the  pressure  of 
the  divariant  system  be  kept  below  that  of  the  oxygen  used,  but  also 
that  of  the  univariant  combination  represented  by  the  sloping  first 
part  of  the  curve.  Air  at  one  atmosphere  pressure  is  insufficient  to 
give  a  yield  of  100  per  cent,  in  reasonable  time  because  of  the  low  velocitj 
at  the  corresponding  temperature.  The  partial  pressure  of  the  water 
vapor  present  must  also  be  just  a  little  less  than  the  dissociation  pressure 
of  barium  hydroxide  in  order  that  the  oxide  may  not  be  converted  into 
hydroxide  instead  of  peroxide.  Some  is  necessary,  however,  in  order 
that  the  reaction  may  take  place.  Where  the  concentration  of  the  barium 
oxide  varies  the  aqueous  concentration  varies  accordingly.  These  results 
show  why  100  per  cent.  BaO^  is  not  on  the  market  and  show  what 
conditions  must  be  fulfilled  in  order  to  obtain  it. 

In  using  this  reaction  for  preparing  oxygen  from  the  air  the  first'method 
was  to  allow  air  to  pass  over  barium  oxide  heated  to  a  dull  red  heat, 
forming  peroxide.  The  retort  containing  the  material  was  then  raised 
to  a  much  higher  temperature  whereby  oxygen  was  driven  off.  The 
process  worked  in  this  manner  was  slow  and  costly,  the  alternate  beating 
and  cooling  of  the  retorts  requiring  much  time  and  fuel.  The  process 
was  greatly  improved  by  alternating  the  pressure  instead  of  the  tem- 
perature in  order  to  reverse  the  reaction.  This  effected  a  great  saving 
of  time  and  fuel,  as  the  reversal  could  be  quickly  effected,  thus  making 
many  cycles  possible  where  before  only  a  few  were  obtained.  However, 
according  to  the  Brin  Oxygen  Company  the  quantity  of  oxygen  obtained 
in  each  operation  was  only  one-tenth  of  the  amount  calculated  from  the 
weight  of  barium  oxide  used.  The  data  here  presented  make  this  low 
yield  intelligible.  The  temperature  was  held  at  about  700^  and  the 
air,  purified  from  carbon  dioxide,  dust,  and  part  of  its  moisture,  was 
forced  over  the  barium  oxide  at  a  pressure  of  about  three  atmospheres, 
corresponding  to  a  partial  pressure  of  oxygen  of  about  450  mm.  of  mer- 
cury. Reference  to  the  curves  already  given  will  show  that  this  pressure 
is  quite  insufficient,  at  700^,  to  convert  all  the  oxide  into  peroxide,  even 
with  a  miTiiTniiTTi  amount  of  hydroxide  present.    With  any  considerable 
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amount  of  hydroxide  present  the  quantity  of  peroxide  formed  would 
be  still  less.  The  reverse  operation  would,  according  to  the  curves,  be 
more  nearly  complete.  Of  course  the  yield  would  be  still  further  reduced, 
in  working  the  process  on  a  large  scale,  by  failure  to  obtain  the  true 
equilibrium. 

The  Pressure-Temperature  Curve  for  the  Univariant  System. 

Since  the  system  is  univariant  for  a  considerable  portion  of  the  total 
raoge,  provided  that  barium  hydroxide  is  not  present  in  too  great  quan- 
tity, a  knowledge  of  the  relation  between  temperature  and  pressure  is 
of  importance  in  this  interval.  This  determination  was  made  as  part 
of  the  data  seciu-ed  from  Experiment  II,  given  above.  The  above  ex- 
periment was  interrupted  after  the  removal  of  47.2  cc.  of  oxygen  and 
amtmued  after  the  following  data  were  secured,  the  interval  requiring 
three  hours.  Equilibrium  is  attained  quite  rapidly  in  the  univariant 
system,  so  that  the  time  necessary  for  the  experiment  was  consumed 
chiefly  in  waitii^  for  the  furnace  to  reach  constant  temperatures,  and 
not  in  any  lag  of  pressure.  The  temperature  was  measured  as  described 
above  with  the  potentiometer,  the  e.  m.  f .  being  easily  determined  within 
o.oi  millivolt,  which  corresponded  approximately  to  1°.  The  results 
are  given  in  Table  II.  The  first  column  contains  temperatures,  the  sec- 
ond the  corresponding  pressures  in  mm.  of  mercury  at  o^.  In  the  third 
column  the  heat  of  reaction  is  given  calculated  from  one  value  to  the 
next  by  means  of  the  familiar  formula  of  van't  Hoff : 

In  the  fourth  column  are  given  values  of  pressure  calculated  from  the 
empirical  equation, 

log  p  -  — 6850/T  -f  1.75  log  T  -f  3.807, 

where  p  is  expressed  in  mm.  If  p  is  expressed  in  atmospheres,  the  con- 
stant term  becomes  0.926.  The  observed  values,  as  is  seen  in  the  table, 
agree  dosely  with  those  calculated  from  this  equation. 

Since  it  is  probable  that  the  partial  pressure  of  the  aqueous  vapor 
present  is  not  very  different  from  that  given  in  the  dissociation  of  barium 
hydroxide  alone, ^  the  measurements  of  J.  Johnston  of  that  equilibrium, 
already  given,  enable  one  to  calculate  approximately  the  partial  pressure 
of  the  oxygen  in  the  equilibrium, 

2BaOj  =  2BaO  +  0„ 

bearing  in  mind  always  the  fact  that  the  oxide  and  peroxide  in  the  above 

^  In  the  present  system  the  partial  pressure  of  steam  is  probably  slightly  greater 
than  from  the  hydroxide  alone,  as  the  resulting  barium  oxide  has  its  concentration 
diminished  by  the  dissolved  peroxide. 
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equation  are  present  in  two  saturated  solutions  of  composition  fairly 
constant.  The  fifth  column  in  the  table  gives  the  values  of  aqueous 
pressure  calculated  by  the  van't  Hoflf  equation  to  the  temperatures  of 
the  present  observations.  The  sixth  column  gives  the  partial  pressure 
of  oxygen  found  by  subtracting  the  aqueous  pressure  just  given  from 
the  smoothed  values  of  total  pressure  given  in  column  four.  In  the 
last  column  are  given  the  heats  of  reaction  calculated  for  the  oxide  equi- 
librium alone  by  using  the  partial  pressures  of  oxygen.  The  mean  value, 
37420  cals.,  is  in  poor  agreement  with  that  given  by  Berthelot/  24200 
cals.,  even  if  proper  allowance  is  made  for  the  change  of  the  reaction 
heat  at  constant  pressure  with  the  temperature,  as  it  seems  unlikely 
that  the  formation  of  solid  solutions  should  give  rise  to  such  a  large  heat 
effect,  and  of  the  sign  which  would  be  indicated  by  the  above  difference. 
The  formation  of  the  solid  solutions  from  the  oxides  is  doubtless  attended 
by  an  absorption  of  heat  which  is  moreover  not  very  great,  since  the 
solubilities  appear  to  increase,  and  but  slightly,  with  the  temperature. 


Tem- 
perature. 

618 

655 
697 
737 
794 
835 
853 
868 


Pressure 
(observed). 


18 

41 

91 

193 

479 

871 

1128 

140 1 


Heat  of 

reaction 

(total). 


36500 
34000 
36500 
34200 
34300 
35400 
36700 


Tablb  II. 

Pressure 
(calculated). 

2.8 
18.6 

40.5 

91.7 
188 

476 

877 

1 132 

1397 


Aqueous 


Oxysen 


Heat  of 
reaction 
(2BaO  +  Ot). 


7-3 

13.7 
26.3 

47 
98 

159 

195 
231 


11.3 
26.8 

65.4 
141 

378 
718 

937 
1x66 


38300 
38000 
36900 
36900 
36800 
36800 
37000 


Mean,    35370 


Mean,    37420 


The  results  given  in  Table  II  are  plotted  in  Fig.  3,  along  with  the  meas- 
urements of  Le  Chatelier  which  are  as  follows: 


i. 
P 


525 

555 

650 

670 

720 

735 

750 

775 

785 

790 

20 

25 

65 

80 

210 

260 

340 

510 

620 

670 

It  will  be  seen  that  the  pressures  here  given  are  lower  than  those  of  Le- 

Chatelier.     His  high  pressures  at  525°  and  555°  are  surely  incorrect. 

• 

Since  the  solid  phases  appear  to  be  of  nearly  constant  composition, 
it  is  interesting  to  note  the  order  of  agreement  between  these  data  and 
the  equation  given  by  Nemst'  for  the  approximate  calculation  of  hetero- 
geneous equilibria, 

log  p  =  -Q/4.571  T  +  1.75  log  T  4-  C, 

*  Ann  chim.  phys.,  [5]  6,  209  (1875). 

*  "Thermodynamics  and  Chemistry,"  Scribner's,  1907. 
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Fig.  3. 


where  C  for  oxygen  is  2.8  when  p  is  expressed  in  atmospheres.  Q  is 
the  heat  of  reaction  at  constant  pressure,  and  at  temperatures  not  too 
far  removed  from  absolute  zero.  Heats  of  reaction  determined  at  ordi- 
nary temperatures  will  serve  in  approximate  solutions,  but  the  value 
calculated  above,  37420  cals.,  will  have  to  be  recalculated  to  low  tempera- 
.tures  before  it  can  be  substituted  in  the  Nemst  equation.  This  recal- 
culation can  be  made  by  the  relation  involved  in  the  Nemst  equation, 

d  lofif  {} 
and  which  becomes  apparent  on  comparing  the  value  of    -.^      obtained 

from  that  equation  with  the  value  obtained  from  the  van't  HofT  equation, 

dlnK       Or 


dT 


RT^' 


the  result  giving  the  relation 

Qt  ==  Q  +  3.5T, 

where  Q^  is  the  heat  of  reaction  at  high  temperatures,  and  Q  that  at  low 
temperatures,  or,  more  strictly,  absolute  zero.  In  the  measurements 
from  which  Q^  has  here  been  calculated,  the  mean  temperature  is  about 
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1050  absolute,  so  that  Q  «  33560.    The  Nerast  equation  then  becomes 

^^S  ^  =*  tSt^  -^  ^-75  log  T  +  2.8 
4571  A 

which  gives  the  observed  pressures  very  closely  if  the  constant  is  1.278 
instead  of  2.8.  In  view  of  the  possible  variation  in  the  composition  of 
the  solid  phases,  the  agreement  may  be  regarded  as  all  that  could  be 
expected.  If  the  above  partial  pressures  of  steam  are  too  low,  as  is  very 
probable,  the  constants  would  be  still  closer  to  2.8. 

This  investigation  serves  to  emphasize  one  point  which  has  been  neg- 
lected in  most  work  upon  heterogeneous  equilibria,  namely,  that  it  is 
necessary  to  determin  the  nature  of  the  phases  involved  in  a  hetero- 
geneous equilibrium  before  measurements  of  dissociation  pressures  are 
of  final  value.     Dissociation  pressures  of  divariant  systems  are  of  littie 

use. 

Summary. 

1.  In  the  thermal  dissociation  of  barium  peroxide  it  has  been  shown 
that  solid  solutions  of  the  oxide  and  peroxide  in  each  other  are  formed. 
The  effect  of  this  upon  the  pressure  as  oxygen  is  removed  is  indicated, 
and  the  limits  shown  between  which  the  system  is  univariant.  The 
effect  of  the  moisture  necessarily  present  is  also  shown. 

2.  The  conditions  necessary  to  obtain  a  quantitative  yield  of  barium 
peroxide  from  oxide  are  explained. 

3.  The  conditions  are  indicated  which  would  be  necessary  for  the 
complete  reversal  of  the  equilibrium. 

4.  The  dissociation  pressiures  have  been  measured  in  the  interval 
where  the  system  is  univariant,  t.  e,,  where  saturated  solutions  of  the 
oxides  are  present,  and  are  given  closely  by  the  equation 

log  p 6850/T  +  1.75  log  T  +  3.807, 

where  p  is  expressed  in  mm.  and  T  is  absolute  temperature. 

5.  The  heat  of  the  reaction  at  constant  pressure  and  an  average  tem- 
perature of  775°  is  calculated  to  be  35370  cals. 

6.  Assuming  that  the  partial  pressure  of  steam  present  is  the  same 
as  that  given  by  barium  hydroxide  alone,  as  given  by  the  measurements 
of  J.  Johnston,  the  partial  pressure  of  the  oxygen  is  calculated.  From 
these  values  the  heat  of  dissociation  of  the  solid  solutions  is  calculated 
to  be  37420  cals. 

7.  According  to  the  formula  of  Nemst,  this  heat  of  reaction  becomes 
33560  cals.  at  absolute  zero,  which  agrees  with  the  Nemst  approximation 
formula  for  calculating  decomposition  pressures  in  heterogeneous  equi- 
libria except  that  the  constant  must  be  1.278  instead  of  2.8,  as  given  by 
Nemst.  The  agreement  is  all  that  might  be  expected,  considering  the 
possible  variation  in  the  composition  of  the  solid  phases. 
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In  a  recent  investigation  by  Baxter  and  Jones^  upon  the  atomic  weight 
of  phosphorus  by  the  analysis  of  trisilver  phosphate,  the  constant  in  ques- 
tion was  fotmd  to  have  the  value  31.04  if  silver  has  the  atomic  weight 
107.88,  or  31.03  if  silver  is  given  the  value  107.87.  While  this  result 
is  in  good  accord  with  those  of  most  earlier  experimenters  in  the  same 
field,  Ter  Gazarian,'  on  the  other  hand,  from  the  density  of  phosphine, 
has  recently  obtained  a  considerably  lower  value,  30.91.'  So  large  a  dif- 
ference as  this  obviously  needs  explanation,  and  the  most  promising 
method  of  solving  the  problem  seemed  to  be  to  analyze  some  other  com- 
pound of  phosphorus. 

In  the  research  upon  silver  phosphate  some  uncertainty  was  intro- 
duced by  the  fact  that  the  salt  contains  only  7.7%  of  phosphorus,  so 
that  the  percentage  error  in  determining  the  molecular  weight  of  silver 
phosphate  is  many  times  multiplied  in  the  calculation  of  the  atomic  weight 
of  phosphorus.  In  this  respect  phosphorus  tribromide  is  somewhat 
better  suited  for  the  purpose,  since  it  contains  11.5%  of  phosphorus. 
Hence,  in  spite  of  very  considerable  difficulties  in  the  preparation  of  the 
tribromide  in  a  pure  state,  and  in  its  analysis,  we  were  led  to  choose  this 
substance  for  further  investigation  of  the  subject. 

In  outline  the  method  followed  was  to  synthesize  phosphorus  tribromide 
by  the  action  of  pure,  dry  bromine  on  pure,  dry  phosphorus  in  a  vacuum. 
The  product,  which  contained  a  slight  excess  of  bromine,  was  fractionally 
distilled  in  a  vacuum,  and  as  soon  as  the  excess  of  bromine  had  been 
''l^Tnj^fltH  various  fractions  were  collected  and  analyzed  for  bromine 
in  the  usual  way,  afte^  decomposition  with  water  and  oxidation  of  the 
phosphorous  acid  was  produced. 

Pttriflcation  of  Materials. 

Water. — All  the  water  used  in  this  research  was  prepared  from  the 
laboratory  supply  of  distilled  water  by  further  distillation,  first  from  an 
alkaline  permanganate  solution,  and  then  a  second  time,  after  the  ad- 
ditiiHi  of  a  trace  of  sulfuric  acid,  through  a  block-tin  condenser.  No 
rubber  or  cork  was  used  in  the  connection  between  the  condenser  tube 
and  the  Jena  glass  still. 

Ammonia. — ^The  best  commercial  ammonia  was  distilled  into  the  purest 
water. 

'  Proc.  Am.  Acad.,  45,  137  (1910).   This  Journal,  3a,  298.  Z.  anar^.  Ckem.,  66, 97. 
V-  ckim  phys.,  %  337  (1909);  9.  »oi  (19"). 
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Nitric  Acid, — C.  P.  concentrated  acid  was  distilled  through  a  platinum 
condenser,  with  rejection  of  the  first  two-thirds  of  the  distillate.  It  was 
always  carefully  tested  in  a  nephelometer  for  traces  of  halogens. 

Bromine} — This  substance  was  freed  from  all  but  a  trace  of  chlorine 
by  distillation  from  solution  in  a  concentrated  solution  of  potassium 
bromide.  The  product  was  next  converted  into  potassium  bromide 
by  addition  to  a  solution  of  recrystallized  potassium  oxalate.  In  order 
to  remove  iodine  the  solution  of  potassium  bromide  was  boiled  for  some 
time,  with  the  occasional  addition  of  small  amounts  of  the  partially 
purified  bromine  which  had  been  saved  for  this  purpose.  Toward  the  end 
of  the  boiling  several  small  portions  of  potassium  permanganate  and  sul- 
furic acid  were  added  to  remove  last  traces  of  iodine.  Next  the  solution 
was  evaporated  to  dryness  and  the  dry  salt  was  fused  in  a  large  platinum 
crucible  to  destroy  organic  matter.  From  the  fused  potassium  bromide 
bromine  was  prepared  as  needed  by  solution  in  water  and  the  addition 
of  sufficient  potassium  permanganate  and  sulphuric  acid  to  oxidize  three- 
fourths  of  the  bromide.  In  this  process  the  bromine  was  distilled  a  second 
time  from  a  bromide,  and  since  this  bromide  was  already  nearly  pure, 
last  traces  of  chlorine  must  have  been  eliminated  from  tne  product. 
The  bromine  was  separated  as  far  as  possible  from  water,  and  was  dried 
by  resublimed  phosphorus  pentoxide,  from  which  it  was  distilled  imme- 
diately before  use.  A  quantity  of  bromine  which  had  been  thus  treated 
was  evaporated  on  a  steam  bath  in  a  glass  dish,  which  was  then  tested 
for  residual  phosphoric  acid  with  negative  results. 

Phosphorus. — ^The  method  used  for  purifying  the  phosphorus  was 
distillation  with  steam.  In  the  case  of  the  phosphorus  from  which  the 
tribromide  for  the  first  series  of  analyses  was  prepared,  the  distillation 
was  assisted  by  a  current  of  carbon  dioxide,  and  was  not  repeated.  The 
phosphorus  used  for  the  second  and  third  series  of  analyses  was  twice 
distilled  with  steam,  the  greater  portion  at  atmospheric  pressure,  a  small 
portion  at  reduced  pressure,  in  an  apparatus  constructed  wholly  of  glass. 
The  purified  material  was  preserved  under  water  until  used.  Portions 
of.  these  specimens  were  carefully  tested  for  arsenic  by  the  Berzelius- 
Marsh  method  and  were  found  to  contain  less  than  one  part  ill  one  million 
of  the  latter  element.  We  are  indebted  to  Mr.  W.  A.  Boughton  for  carry- 
ing out  these  tests. 

Silver. — Pure  silver  was  prepared  by  methods  which  have  already 
been  found  to  be  very  effective.  Since  these  methods  have  been  de- 
scribed in  detail  several  times  in  papers  from  this  laboratory,*  only  a 

'  For  a  discussion  of  methods  for  purifying  bromine  see  Richards  and  Wells, 
Proc.  Am.  Acad.^  4i|  440  (1906).  Baxter,  Ihid.^  42,  204  (1906);  This  Journal,  28, 
1325;    Z.  anorg.  Chem.,  50,  392. 

'See  especially  Richards  and  Wells,  Pub.  Car.  Inst,  No.  28,  16  (1905);  This 
Journal,  27,  472;  Z.  anorg.  Chem.^  47,  70. 
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brifef  outline  of  the  procedure  is  given  here.  Heterogeneous  silver  resi- 
dues were  reduced  with  zinc  and  sulfuric  add,  and  thoroughly  washed 
with  water.  The  metal  was  dissolved  in  nitric  add,  and  silver  chloride 
was  predpitated  by  a  large  excess  of  hydrochloric  acid.  After  the  pre- 
cipitate  had  been  washed  it  was  dissolved  in  ammonia  and  repredpi- 
tated  with  h3rdrochlonc  acid.  The  resulting  chloride  was  reduced  with 
an  alkaline  sugar  solution  and  the  metal  was  fused  on  charcoal.  After 
cleansing  with  sand  and  etching  with  nitric  add,  the  buttons  were  dis- 
solved in  nitric  add,  and  the  metal  was  predpitated  witli  pure  ammonium 
formate.  The  thoroughly  washed  product  was  fused  with  a  blowpipe 
cm  a  crudble  of  the  purest  lime.  Electrolytic  deposition  with  silver 
nitrate  as  the  dectrolyte  and  with  a  dissolving  anode  of  the  pure  silver 
buttons  followed,  and  the  electrolytic  crystals  were  fused  in  a  current 
of  pure  hydrogen  on  a  boat  of  the  purest  lime  provided  with  compart- 
ments SO  that  the  resulting  buttons  wdghed  from  two  to  ten  grams. 
After  the  buttons  had  been  etched  with  nitric  add  until  thdr  surfaces 
were  uniformly  crystalline,  they  were  thoroughly  washed  with  ammonia 
and  pure  water,  and  finally  heated  to  400^  in  a  vacuum.  The  pure  silver 
was  preserved  in  a  desiccator  over  fused  potassium  hydroxide. 

Hydrogen  Peroxide. — ^Merck's  'Terhydrol,"  containing  30%  hydrogen 
peroxide,  was  found  to  be  free  from  sulfuric  acid  and  halogens  and  to 
leave  no  residue  upon  evaporation.  Hence  it  was  employed  without 
further  treatment. 

Nitrogen. — Atmospheric  nitrogen  free  from  oxygen  was  obtained  by 
Wanklyn's  wdl  known  method  of  passing  air  through  very  concentrated 
ammonia  solution,  and  then  over  hot  copper  gauze  in  a  hard  glass  tube. 
The  excess  of  ammonia  was  removed  by  scrubbing  with  a  dilute  solution 
of  sulfuric  add  in  three  large  gas-washing  bottles.  Since  hydrogen  is 
formed  by  the  catalytic  decomposition  of  a  portion  of  the  excess  of  am- 
monia, this  impurity  was  oxidized  in  a  hard  glass  tube  filled  with  red 
hot  copper  oxide,  and  the  gas  was  then  dried  in  six  towers  filled  with 
beads  drenched  with  concentrated  sulfuric  add  and  a  long  tube  filled 
with  resublimed  phosphorus  pentoxide.  Finally  the  gas  was  passed 
through  a  third  hard  glass  tube  filled  with  hot  copper  to  combine  with 
any  last  trace  of  oxygen.  The  apparatus  in  which  these  operations  were 
carried  out  was  constructed  entirely  of  glass  with  ground  glass  connections 

throughout. 

Preparation  of  Phosphorus  Tribromide. 

Much  time  was  consumed  in  finding  a  satisfactory  method  of  preparing 
pure  phosphorus  tribromide.  It  was  obvious  at  the  outset  that  the  sub- 
stance must  be  rigorously  protected  from  access  of  moisture,  in  order 
to  avoid  the  formation  of  hydrobromic  and  phosphorous  acids.  This 
object  was  most  simply  gained  by  synthesizing  the  tribromide  in  a  vacuum 
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from  bromine  and  phosphorus  which  were  initially  dry.  But  eiince 
phosphorus  dissolves  in  its  tribromide,  and  can  not  be  readily  separated 
from  the  latter  substance  by  distillation,  an  excess  of  bromine  was  added 
at  the  beginning.  Fortunately  it  was  necessary  to  add  only  a  slight 
excess  of  bromine,  since  a  surprisingly  small  amount  of  phosphorus 
pentabromide  can  be  detected  in  the  tribromide  by  its  darker  color,  espe- 
cially at  high  temperatures.  This  dark  color  is  undoubtedly  due  in  large 
part  to  dissociation  of  the  pentabromide  into  tribromide  and  bromine. 
The  comparatively  easy  elimination  of  the  pentabromide  from  the  tri- 
bromide also  depends  upon  this  dissociation,  for  the  free  bromine  can 
be  removed  by  distillation  in  the  first  fractions. 

At  first  the  attempt  was  made  to  remove  the  excess  of  bromine  by 
distillation  from  red  phosphorus.  But  either  the  red  phosphorus  still 
contained  traces  of  the  yellow  modification,  or  else  the  red  modification 
dissolved  in  the  tribromide  and  vaporized  with  it  when  distilled  (pos- 
sibly as  a  lower  bromide^).  At  any  rate  the  tribromide  prepared  in 
this  way  contained  far  too  little  bromine,  as  was  shown  by  the  results 
of  its  analysis. 

Much  better  results  were  obtained  by  simple  distillation  in  a  vacuum. 
Although  the  boiling  point  of  the  tribromide  is  thus  much  lowered,  the 
dissociation  of  the  pentabromide  is  sufficiently  complete  to  secure  rapid 
elimination  of  the  excess  of  bromine.  As  stated  before,  the  disappear- 
ance of  the  bromine  can  be  followed  by  the  color  of  the  distillate  and 
residue.  If  material  is  collected  for  analysis  as  soon  as  the  bromine  has 
apparently  been  eliminated,  it  should  yield  at  any  rate  a  minimum  value 
for  the  atomic  weight  of  phosphorus,  unless  decomposition  of  the  tri- 
bromide into  a  lower  bromide  occurs  during  the  distillation.  In  the  latter 
case,  however,  the  composition  of  different  fractions  of  the  distillate 
would  probably  not  be  constant. 

The  S3mthesis  of  the  tribromide  was  effected  in  an  apparatus  constructed 
entirely  of  glass  shown  in  the  figure  on  page  263.  About  14  grams  of  pure 
phosphorus  were  freed  as  completely  as  possible  from  water  by  cooling 
and  pressing  between  folds  of  hardened  filter  paper.  The  phosphorus 
was  weighed  to  a  centigram  and  placed  in  the  distilling  flask  D,  which 
had  previously  been  filled  with  nitrogen  through  the  stopcock  A.  The 
flask  was  then  fitted  to  the  separating  funnel  B  by  means  of  a  well  ground 
and  polished  joint,  C,  but  it  was  not  connected  to  the  remainder  of  the 
apparatus  at  E,  and  the  capillary  tube  F  opened  into  the  air. 

In  order  to  dry  the  phosphorus  completely,  the  flask  was  surrounded 
with  boiling  water  and  for  four  hours  a  slow  current  of  pure,  dry  nitro- 
gen was  forced  in  at  A  and  flowed  out  at  the  end  of  the  constricted  tube  F. 
The  melted  phosphorus  was  agitated  from  time  to  time  by  shaking  the 

^  Besson  and  Foumier,  Compt.  rend.,  150,  120  (1910). 
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flask  in  order  to  liberate  any  steam  which  might  have  been  entangled 
mechanically  and  to  bring  new  material  to  the  surface  of  the  phosphorus. 
During  this  operation  a  portion  of  the  phosphorus  distilled  into  the  cool 
tube  P,  and  a  small  amount  was  vaporized  into  the  air.  Probably,  too, 
a  small  amotmt  of  adds  of  phosphorus  was  produced  since  slight  oxidation 
of  the  phosphorus  necessarily  took  place  while  it  was  being  introduced 
into  the  flask.  As  soon  as  the  phosphorus  had  been  dried  in  this  way, 
the  end  of  the  constricted 
tube  P  was  sealed,  the  stop- 
cock A  was  closed,  and  the 
fla^,  after  being  cooled, 
was  exhausted  as  com- 
pletely as  possible  through 
the  stopcock  S  by  means  of 
the  Tdpler  pump  W.  -AH 
the  ground  glass  joints  were 
made  gas-tight  by  means 
of  a  miniinum  quantity  of 
syrupy  phosphoric  acid, 
and  outside  this,  to  pre- 
i^t  the  absorption  of 
moisture,  soft  parafSn  was 
smeared. 

Next  the  calculated 
amount  of  pure,  dry  bro- 
mine was  measured  from  a 
buret  into  the  separatory 
ixamd  B  and  the  funnel  was 
stoppered.  After  cooling 
the  flask  containing  the 
phosphorus  with  ice  water 
to  reduce  the  violence  of 
the  reaction,  bromine  was 
sbwly  admitted.  The  rapid 
evaporation  of  a  portion  of 
the  bromine  produced  the 
solidification  of  the  re- 
mainder. This  solid  bro- 
mme,  upon  falling  into  the 
flask,  reacted  violently  with 
the  phosphorus  until  a  con- 
siderable amount  of  tribro- 
mide  had  been  formed.    As 
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soon,  however,  as  sufficient  tribromide  had  been  produced  to  dissolve  the 
tmchanged  phosphorus  the  action  became  much  less  violent  so  that  the 
bromine  could  be  introduced  more  rapidly. 

When  nearly  the  theoretical  amotmt  of  bromine  had  been  used,  the 
flask  D  was  immersed  in  hot  water  in  order  to  decompose  a  small  amount 
of  solid  pentabromide  which  formed  in  the  upper  part  of  the  flask.  The 
bromine  thus  liberated  diffused  to  the  bottom  of  the  flask,  where  it  com- 
bined with  the  residual  phosphorus  dissolved  in  the  tribromide.  More 
bromine  was  then  admitted  i^  very  small  portions  until  the  warm  tri- 
bromide acquired  the  reddish  color  which  indicated  an  excess  of  bromine. 
The  end  of  the  reaction  can  be  determined  so  ^arply  by  the  color  that  the 
excess  of  the  bromine  probably  never  amounted  to  more  than  a  few 
hundredths  of  a  gram,  whereas  nearly  one  hundred  and  twenty-five 
grams  of  bromine  in  all  were  used  in  each  preparation. 

When  it  was  certain  that  an  excess  of  bromine  had  been  added,  the 
flask  D  with  the  tribromide  was  surrounded  with  ice  water  and  nitro- 
gen was  allowed  to  enter  through  A,  until  the  pressure  inside  the  flask 
was  greater  than  atmospheric.  The  end  of  the  tube  F  was  then  broken 
off,  and  the  remainder  of  the  apparatus,  which  had  previously  been 
filled  with  dry  nitrogen,  was  attached  by  the  ground  joint  E.  The  flasks 
D,  G,  J,  K,  M  and  N  were  next  exhausted  through  O,  while  the  stop- 
cocks A,  R,  S  and  T  were  closed.  In  order  to  prevent  access  of  bro- 
mine to  the  mercury  of  the  Topler  pump,  a  U-tube,  V,  filled  with  fused 
potassium  hydroxide  was  located  between  the  pump  and  the  remainder 
of  the  apparatus,  and  this  U-tube  was  cooled  with  concentrated  calcium 
chloride  solution  and  ice. 

During  the  fractional  distillation  of  the  tribromide  to  remove  the 
excess  of  bromine  it  was  highly  desirable  to  protect  the  bulbs  i  to  8,  in 
which  the  tribromide  was  eventually  to  be  collected,  from  contact  with 
the  first  fractions.  This  was  effected  by  passing  the  first  fractions  through 
the  side  tube  L  into  the  bulbs  M  and  N,  while  the  bulbs  i  to  8  were  cut 
off  from  the  rest  of  the  apparatus  by  the  valve  P.  This  valve  was  so 
perfectly  made  that  it  was  nearly  gas-tight  with  no  lubricant.  Never- 
theless, in  addition,  nitrogen  was  maintained  at  atmospheric  pressure 
on  the  far  side  of  the  valve,  so  that  the  slight  leakage  produced  a  slow 
reverse  current  of  nitrogen  through  the  valve  into  the  pump  by  way  of 
the  bulbs  M  and  N. 

Under  as  low  a  vacuum  as  could  be  obtained  with  the  pump  the  tri- 
bromide was  first  distilled  from  D  to  G  by  surrounding  D  with  boiling 
water  and  G  with  ice  water.  A  small  residual  fraction  was  left  in  D, 
in  order  to  make  certain  the  elimination  of  phosphorous  acid  sand  pos- 
sible oxybromide.  During  this  distillation  any  phosphorus  which  had 
originally  distilled  into  the  tube  F  and  still  remained  uncombined  was 
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converted  into  tribromide  by  the  excess  of  bromine.  A  second  similar 
distillation  from  G  to  J  and  K  followed,  with  rejection  of  the  last  few 
grams  in  G.  The  material  invariably  contained  an  excess  of  bromine 
at  this  point.  The  capillary  tube  H  was  now  sealed  with  a  blowpipe 
and  the  flasks  D  and  G  were  thus  disconnected  from  the  apparatus. 
Next  the  bulbs  M  and  N  were  cooled  with  ice  and  the  tribromide  in  J 
was  boiled  while  the  bulb  K  was  gently  warmed.  The  vapor  from  J  in 
bubbling  through  the  warm  liquid  in  K  carried  with  it  all  the  excess  of 
bromine  in  both  bulbs.  Furthermore,  it  is  probable  that  if  the  tribro- 
mide contained  a  trace  of  hydrobromic  acid,  the  latter  substance  was 
eliminated  at  the  same  time  as  the  bromine.  The  distillate  collected 
in  M  and  N  as  tri-  and  pentabromide.  As  soon  as  ten  grams  of  material 
had  been  distilled  from  J  and  K  the  residue,  amounting  to  considerably 
more  than  one  hundred  grams,  was  nearly  colorless;  nevertheless  five 
times  as  much  more  was  distilled  into  M  and  N  before  this  part  of  the 
apparatus  was  sealed  ofif  at  the  capillary  L.  Thus  when  the  stopcock 
0  was  closed,  thfe  impure  distillate  was  entirely  cut  ofif  from  the  remainder 
of  the  apparatus. 

The  bulbs  i  to  8  were  then  exhausted  by  opening  the  stopcocks  of 
the  U-tube  U  and  at  the  point  T,  while  R  was  closed.  The  U-tube  con- 
tained resublimed  phosphorus  pentoxide  to  prevent  the  possibility  of 
back  diffusion  of  moisture  into  the  bulbs.  The  valve  P,  into  which  a 
piece  of  soft  iron  had  originally  been  sealed,  could  now  be  pulled  from 
its  seat  by  means  of  a  magnet  so  that  the  bulbs  J  and  K  were  connected 
with  the  ptunp  through  the  bulbs  i  to  8. 

In  distiUmg  the  remainder  of  the  tribromide  into  the  small  bulbs  the 
one  nearest  the  pump  was  filled  first  by  surrounding  it  with  ice  water, 
while  the  other  seven  were  immersed  in  beakers  filled  with  boiling  water. 
As  soon  as  bulb  8  was  three-fourths  filled  with  material,  bulb  7  was  cooled 
with  ice  water,  and  so  on  until  all  were  filled.  All  the  residual  material 
in  J  and  K  was  distilled  into  bulb  i . 

The  train  of  bulbs  i  to  8  was  next  sealed  off  with  a  blowpipe  at  the 
capillaries,  and  the  individual  bulbs  were  separated  from  the  connect- 
ing tubes  by  sealing  the  capillary  tubes.  Great  care  was  taken  in  seal- 
ing the  capillaries  to  avoid  decomposing  the  tribromide,  by  first  heating 
them  gently  to  evaporate  any  tribromide  with  which  they  might 
be  wet.  There  never  was  any  sign  of  decomposition  of  the  tribromide 
during  this  process. 

The  final  samples  of  the  tribromide  were  almost  colorless  when  cold, 
but  the  very  slight  yellowish  tint  of  the  cold  substance  was  materially 
increased  by  a  rise  in  temperature.  Since  no  difference  in  color  could 
be  detected  between  the  first  and  last  samples  collected,  it  seems  prob- 
able that  phosphorus  tribromide  really  possesses  a  slight  yellowish  tint. 
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Two  series  of  samples  of  tribromkle  were  distilled  and  sealed  in  bulbs 
from  two  dififerent  preparations  of  material.  Ten  fractions  were  col- 
lected in  the  first  series  and  eight  in  the  second. 

In  a  third  preparation  the  removal  of  the  bromine  was  accelerated 
by  distillation  from  metallic  silver.  The  bulbs  J  and  K  were  partly 
filled  with  fine  electrolytic  crystals  of  the  purest  silver  which  had  been 
freed  from  moisture  by  ignition  in  a  vacuum.  After  the  tribromide  had 
been  distilled  into  J  and  K,  and  the  excess  of  bromine  had  been  distilled 
into  M  and  N,  the  capillary  tube  L  was  sealed  as  described  before.  Then 
the  bulbs  J  and  K  with  the  residual  tribromide  were  warmed  for  some 
time  with  constant  shaking  before  the  tribromide  was  finally  distilled 
into  the  collecting  btdbs. 

The  Determination  of  the  Weight  of  the  Tribromide  and  its  Analysis* 

In  the  analysis  of  the  tribromide  it  was  first  decomposed  with  water, 
and  then  the  bromine  was  precipitated  as  silver  bromide.  The  reduc- 
ing effect  of  phosphorous  acid  upon  silver  salts  is  well  known,  so  that 
the  necessity  was  obvious  of  oxidizing  the  phosphorous  acid.  This 
operation  was  a  somewhat  delicate  one,  however,  since  the  hydrobromic 
acid  also  is  easily  oxidized,  with  consequent  loss  of  bromine.  Hydrogen 
dioxide  was  eventually  found  to  be  the  safest  oxidizing  agent,  although 
its  action  on  the  phosphorous  acid  is  not  particularly  rapid.  In  pre- 
liminary experiments  the  bulb  of  tribromide  was  broken  under  water 
and  the  oxidation  was  then  eflfected  by  hydrogen  peroxide  in  dilute  nitric 
acid  solution.  In  the  final  experiments  the  method  of  breaking  the 
bulb  under  an  ammoniacal  solution  of  hydrogen  dioxide  was  employed, 
since  in  this  way  the  greater  part  of  the  oxidation  was  almost  instanta- 
neously effected.  Then  after  time  the  solution  was  acidified  with  nitric 
acid  and  allowed  to  stand  for  a  further  period.  Even  then  it  is  probable 
that  oxidation  is  not  quite  complete,  for  if  the  bromine  is  precipitated 
with  any  considerable  excess  of  silver  nitrate,  even  in  the  presence  of 
much  nitric  acid,  the  silver  bromide  is  perceptibly  discolored.  On  the 
other  hand,  if  the  amount  of  silver  salt  used  is  very  nearly  equivalent 
to  the  bromide  present,  the  precipitate  retains  its  lemon-yellow  color 
even  when  left  for  days  under  the  solution. 

Since  the  determination  of  the  weight  of  tiie  tribromide  and  its  anal- 
ysis are  so  intimately  connected,  they  are  described  together. 

The  weight  of  the  tribromide  was  found  in  each  analysis  by  weigh- 
ing the  bulb  with  its  contents,  and  then,  after  breaking  the  bulb,  col- 
lecting and  weighing  the  glass.  The  bulb  was  first  carefully  cleaned 
on  the  outside  and  dried,  and  left  in  a  desiccator  over  sulphuric  acid 
for  at  least  twenty*four  hours.  Its  weight  in  air  was  then  found  by 
substituting  standardized  weights  for  the  bulb  on  the  balance.  The 
buoyant  effect  of  the  air  was  estimated  by  finding  the  volume  of  the  bulb 
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in  the  usual  way  from  the  loss  in  weight  tinder  water  of  imown  tempera- 
ture. The  conditions  of  the  atmosphere  were  taken  into  account  in 
calculating  the  buoyant  effect  of  the  air  on  the  bulb  and  weights.  Since 
the  bulb  was  exhausted  when  sealed  no  correction  is  necessary  for  the 
space  in  the  bulb  not  filled  with  liquid. 

After  the  bulb  had  been  weighed  and  its  volume  determined,  it  was 
placed  in  a  300  cc.  thick-walled  Erlenmeyer  flask  together  with  some* 
what  over  100  cc.  of  redistilled  ammonia  and  lo  cc.  of  pure  30%  hydrogen 
dioxide.  A  glass  stopper,  which  had  been  carefully  ground  into  the  neck 
of  the  flask,  was  inserted,  and  the  flask  was  shaken  violently  enough  to 
break  the  bulb.  The  heavy  tribromide  reacted  quietly  at  the  bottom 
of  the  aqueous  solution,  until  at  the  end  of  about  five  minutes  decomposi- 
tion was  complete.  The  flask  was  then  allowed  to  stand  twenty-four 
hours,  with  occasional  shaking.  This  long  standing  was  necessary  to 
aDow  a  small  quantity  of  ammonium  bromide  fumes  to  be  collected  in 
the  aqueous  solution. 

The  flask,  cooled  to  produce  inward  pressure,  was  next  carefully  opened 
and  the  solution  was  filtered  into  a  three-liter  ground-stoppered  precipi- 
tating flask,  while  the  particles  of  glass  were  collected  upon  a  small  filter 
paper.  This  filter  was  very  thoroughly  rinsed  with  pure  water  until 
the  filtrate  and  washings  amounted  to  about  1200  cc. 

In  order  to  find  the  weight  of  the  glass  the  filter  was  burned  at  as  low 
a  temperature  as  possible  in  a  weighed  platinum  crucible.  When  the 
weight  of  the  glass,  corrected  to  vacuum,  was  subtracted  from  the  cor- 
rected weight  of  the  btdb  and  the  tribromide,  the  weight  of  the  tribromide 
m  vacuum  was  obtained. 

In  order  to  make  sure  that  this  method  of  finding  the  weight  of  the 
glass  was  a  satisfactory  one,  it  was  tested  by  several  blank  experiments 
with  bulbs  containing  no  tribromide.  These  bulbs  were  first  weighed 
in  the  air  unsealed,  and  then  were  treated  in  exactly  the  same  way  as 
bulbs  containing  tribromide.  In  two  cases  the  fragments  of  the  bulbs 
were  collected  upon  a  weighed  Gooch-Munroe-Neubauer  crucible.  In 
the  first  three,  however,  the  glass  was  collected  upon  a  small  filter  paper 
as  in  the  analyses : 


Wdcht  of  bulb. 
Gram*. 

1.20098 

0.99814 

X. 0185 1 

I . 12986 

1.08438 

Weight  of  glMt  tCOOVCKd. 
Grans. 

1.20097 

0.99813 

I. 01846 

I. 12994 

1.08441 

DUrercaoe. 
Gram. 

— 0.00001 
— O.OOOOI 

— 0.00005 
+0.00008 
+  0.00003 

Since  in  every  experiment  the  weight  of  the  g^ass  collected  agrees  with 
that  of  the  bulb  within  0.00008  gram  and  is  never  more  than  0.00005 
gram  less  than  that  of  the  bulb,  it  is  evident  that  no  important  amount 
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of  glass  is  lost  either  by  passing-  through  the  filter  paper  or  by  solution 
in  the  ammoniacal  liquid. 

The  filtrate  containing  ammonium  bromide  was  next  acidified  by  the 
addition  of  about  40  cc.  of  concentrated  nitric  acid  diluted  to  about 
300  cc.  Since  bromine  was  sometimes  locally  set  free  during  the 
addition  of  the  acid,  the  acid  solution  was  poured  into  the  bromide  through 
a  thistle  tube,  the  stem  of  which  extended  to  the  bottom  of  the  flask. 
Thus,  although  bromine  might  be  set  free  at  the  dividing  surface  between 
the  bromide  and  the  nitric  add,  no  bromine  ever  reached  the  upper  sur- 
face of  the  liquid,  owing  to  the  tmoxidized  phosphorous  compotmds  in 
the  bromide  solution.  The  thistle  tube  was  thoroughly  rinsed  into  the 
flask,  the  stopper  of  the  flask  moistened  and  put  in  place,  and  the 
flask  gently  agitated  to  mix  the  solutions.  It  was  then  allowed  to 
stand  for  forty-^ght  hours.  In  no  case  was  there  any  evidence  that 
bromine  was  permanently  set  free  by  the  nitric  acid,  for  after  the  mix* 
ing  of  the  solutions  they  were  always  colorless,  and  when  the  flasks  were 
opened  after  two  days'  standing  no  odor  of  bromine  could  be  detected, 
although  0.0000 1  g.  is  readily  perceptible  in  3  liters  of  air.^ 

During  the  standing  in  acid  solution  the  oxidation  of  the  residual 
phosphorous  acid  progressed,  but  even  at  the  end  of  the  period  it  was 
not  quite  complete.  Precipitation  of  the  silver  bromide  immediately 
after  acidification  invariably  resulted  in  darkened  salt,  but  after  forty- 
eight  hours  an  apparently  pure  product  was  obtained,  if  no  appreciable 
excess  of  silver  was  used. 

The  bromine  in  each  sample  was  determined  in  two  way^:  first,  by  find- 
ing the  amount  of  silver  necessary  to  combine  with  it;  second,  by  weigh- 
ing the  silver  bromide  formed.  Both  determinations  could  be  carried 
out  with  the  same  sample  of  tribromide. 

A  quantity  of  silver  equivalent  to  the  tribromide  within  a  very  few 
tenths  of  a  milligram  was  weighed  out  and  dissolved  in  nitric  acid  in  a 
flask  fitted  with  a  column  of  bulbs  to  prevent  loss  of  material  by  spat- 
tering. After  the  silver  solution  had  been  freed  from  oxides  of  nitro- 
gen by  dilution  and  heating,  about  40  cc.  of  concentrated  nitric  acid 
were  added  and  the  whole  was  diluted  to  a  volume  of  about  one  liter. 
The  silver  solution  was  then  quantitatively  added  to  the  bromide  solu- 
tion, with  constant  agitation,  and  the  stoppered  precipitating  flask 
was  allowed  to  stand  for  several  days  with  occasional  shaking.  When 
the  precipitate  had  coagulated  and  settied  so  completely  that  the  super- 
natant liquid  was  apparentiy  clear,  portions  of  the  solution  were  tested 
in  a  nephelometer^  for  excess  of  bromide  or  silver.  As  a  matter  of  fact, 
bromide  was  always  found  in  slight  excess.    The  deficiency  of  silver, 

'  Baxter,  Thorvaldson  and  Cobb,  This  Journal,  33,  329  (191 1). 
'  Richards  and  Wells,  Am,  Ckem,  /.,  3I1  235  (1904);  35»  510  (1906). 
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whidi  was  never  more  than  a  very  few  tenths  of  a  milligram,  was  made 
up  as  nearly  as  could  be  estimated  by  means  of  a  hundredth-normal  solu- 
tion of  silver  nitrate.  After  thorough  shaking  and  standing  until  the  solu- 
tion was  perfectly  clear,  tests  for  excess  of  bromide  or  silver  were  again 
made.  If  necessary,  this  process  was  repeated,  until  eventually  the 
amounts  of  bromide  and  silver  were  equivalent.  Owing  to  the  slight 
solubility  of  silver  bromide  at  this  point,  the  solution  remained  esaen- 
tiaUy  dear,  even  in  the  nephelometer,  when  either  bromide  or  silver  solu- 
tion was  added. 

The  solution  was  now  allowed  to  stand  for  a  week  with  occasional 
shaking  and  then  was  tested  again  in  the  nephelometer.  Usually  a  de- 
ficiency of  one-  or  two-tenths  of  a  milligram  of  silver  was  found,  owing 
apparently  to  extraction  of  occluded  soluble  bromide  from  the  silver 
bromide.  This  deficiency  of  silver  was  supplied  and  the  solution  was 
left  for  another  week  before  being  tested  again,  and  this  process  was 
Fq)eated  until  in  the  course  of  a  week  no  further  change  in  tne  solution 
took  place.  In  a  few  analyses  the  solutions  were  tested  over  a  period  of 
four  months,  but  in  no  case  was  any  appreciable  change  in  the  end  point 
found  after  it  had  remained  constant  for  a  week.  In  most  cases  the  final 
end  point  was  reached  within  two  weeks. 

The  difficulty  from  occlusion  of  the  silver  bromides  was  unexpected 
since  it  has  not  been  met  to  the  same  extent  in  other  similar  cases  in  this 
laboratory.^  In  fact,  it  was  not  discovered  in  this  research  until  Analy- 
ses I,  2,  5,  9,  and  10  of  Series  I  had  been  completed.  After  its  discovery 
several  unsuccessful  attempts  were  made  to  eliminate  the  occlusion. 
In  Analyses  6  and  19  the  solutions  of  ammonium  bromide  and  silver 
nitrate  were  each  diluted  to  nearly  four  liters  before  precipitation.  In 
these  two  analyses,  on  account  of  the  large  size  of  the  precipitating  ves- 
sel, no  attempt  was  made  to  collect  the  silver  bromide,  since  the  results 
of  the  comparison  with  silver  were  no  different  from  those  obtained  in 
more  dilute  solution.  Although  occlusion  of  bromide  seemed  to  be  dimin- 
ished in  extent  by  this  modification,  the  time  necessary  for  the  establish- 
ment of  equilibrium  was  not  materially  lessened.  Even  in  Analysis  6, 
where  the  bromide  solution  was  added  to  the  silver  solution,  the  occluded 
substance  seemed  still  to  be  a  soluble  bromide.  Cooling  the  solutions 
to  the  temperature  of  ice- water  before  precipitation  seemed  to  accentuate 
the  occlusion. 

As  soon  as  a  permanent  end  point  had  been  reached,  the  precipitate 
was  thoroughly  washed  by  decantation  with  pure  water  and  collected 
upon  a  weighed  Gooch-Munroe-Neubauer  crucible.  The  crucible  and 
contents  were  heated  gradually  to  nearly  200^  and  were  kept  at  that 

'  See,  however,  Richards  and  Staehler,  This  Journal,  29,  632  (1907);  Ber.,  39, 
3618. 
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temperature  for  eighteen  hours  or  more.  Then  they  were  cooled  and 
weighed  by  substitution  for  a  similar  counterpoise.  In  order  to  find 
the  moisture  retained  by  the  dried  precipitate  it  wa$  transferred  as  rapidly 
and  completely  as  possible  to  a  small  porcelain  crucible  which  was  im- 
mediately weighed  with  its  cover.  Then  the  silver  bromide  was  fused 
by  heating  the  small  crucible  contained  inside  a  much  larger  one.  Dur- 
ing the  solidification  of  the  bromide  the  system  was  carefully  rotated  so 
that  the  fused  bromide  was  stirred  and  caused  to  solidify  in  a  thin  layer. 
The  loss  in  weight  on  fusion  was  then  determined.  This  loss  seldom 
amounted  to  more  than  0.001%  of  the  weight  of  the  salt  The  fused 
bromide  was  always  dear  and  light  yellow,  whereas  an  astonishingly 
small  percentage  of  impurity  is  capable  of  producing  perceptible  dark- 
ening of  the  salt. 
Since  silver  bromide  possesses  an  appreciable  solubility  in  water,  ^  the 
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No. 
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■aal-     off 
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Ag  —  107.880. 

Weight 

off 
PBrain 
vocttum. 
Grains. 

5  95293 
4.7I056* 

4-72373 
6.47622 

4.61956 

7.62060 

3  8332 1 

4- 72578 


I 
2 

3 

4 

5 
8 

9 
10 


Wdi^t 
offA^in 
vacuum. 

Grama. 

7.  "494 
5  63017 

5  64553 

7  •  74048 
5  52 120 
9.10809 

4.58153 
5.64800 


Sbribs  I. 
PBr,  :  3Ag. 

Dofieiency 
off  Ac. 
Oram. 

o.oooio 

0.00005 

0.00030 

0.00000 

0.00020 

0.00040 

0.00010 

0.00035 


Br  =»  79.916. 


Corrected 

weight 

off  Ac  in 

vacuum. 

Orama. 

7   "504 
5.63022 

5.64583 

7.74048 

5.52140 
9 .  10849 

4.58163 
5.64835 


Ratio 
PBrt:  3Ac. 

0.836668 

0.836657 

0.836676 

0.836669 

O . 836665 

0.836648 

6 . 836648 

0.836666 


Atomic 

weight  off 

phosphorus. 

31.031 
31.028 

31 .034 
31  031 

31-030 

31.015 
31  025 

31.030 


Average 0.836660        31.031 


No. 

off 
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10 

II 

12 

13 
14 
15 


Frac- 
tion 
off 
PBr*. 

I 

2 

3 

4 

5 

9 
10 


Weight 

of  FBriin 

vacuum. 

Grams. 

5.95293 
4.71056 

4.72373 
6.47622 

4.61956 

3.83321 

4.72578 


Wei|^t 

off  AgBrin 

vacuum. 


12.38515 
9.79992 
9.82782 

13.47392 
9.61089 

7.97524 
9.83205 


SSftlES  I. 
PBr,  :  3AgBr. 


Loss 

on 

fusion. 

Oram. 

0.00015 

O.OOOii 

0.00018 

0.00015 


AgBr  from 
filtrate  and 
washings 
Oram. 

0.00060 

0.00077 

0.00066 

0.00051 


0.00005  0.00059* 
0.00006  0.00045 
0.00004  0.00060 


Corrected 
wt.off  AgBr 
in  vacuum. 

Grama. 

12.38560 
9.80058 
9.82830 

13.47428 
9.61143 

7.97563 
9.83261 


Ratio 
PBr»:  3AgBr. 

0.480633 

0.480641 

0.480624 

0.480636 

0.480632 

0.480615 

0.480623 


Atomic 
Jht 


31.035 
31. 039 

31.031 

31.036 

31.034 
31.025 

31*029 


Average 0.480629    31.033 

^  Bdttger,  Z.  pkysik,  Chem»,  46,  602  (1903))  0.00008  g.  per  liter  at  20^    Kohl- 
rausch,  Ibid.,  50,  536  (1905),  0.0001 1  g.  per  liter  at  21^ 
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AcBr 
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Grams. 

6.69502 

12.01740 

11.47893 

16.53530 
8.96560 


Sbriks  II. 

PBr,  :  3AgBr. 

AcBr  from 
filtrate  and 

wasliincs. 
Gram. 

0.00066 
0.00051 
0.00067 
0.00071 
0.00059 


on 
fusion. 
Oram. 

0.00015 

0.00030 

0.00014 

0.00032 

0.00024 


Corrected 

wdcht 

of  AcBr 

in  vacuum. 

6.69553 

12.01761 

11.47946 

16.53569 
8.96595 


Ratio 
PBr«:3AcBr. 

0.480631 

0.480631 

0.480624 

0.480629 

0.480623 


Atomic 
wOafht 
of  pno 


31.034 
31.034 

31.030 

31.032 

31  029 


Average 0.480628    31.032 


S9RIBS  III. 
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Br  - 

79.916. 
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of      tion 
ud-     of 
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PBrain 

vacuum. 

Grams. 

Wdcht 
of  Ac  in 
vacuum. 

Grams. 

Defidency 
of  Ac. 
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OoiTcctad 

wdght 

of  Ac  in 

vacuum. 

Grams. 

Ratio 
PBrs:  3Ac. 

Atomic 

wdcht  of 

phosphorus. 

27       I 

4.39626 

5.25417 

0.00030 

5.25447 

0.836671 

31.032 

28       3 

7.07758 

8.45917 

0.00040 

8.45957 

0.836636 

31.021 

29       4 

4.19854 

5.01821 

0.00030 

5.01851 

0.836611 

31  013 

30       6 

7.26540 

8.68375 

0.00030 

8.68405 

0.836637 

31.021 

31       8 

7.75072 

9.26366 

Average 

Average  of  S( 

0.00040         9.26406 
irics  I.  II  and  III 

0.836644 

31   023 

0.836640 

31.022 

0.836647 

a  1. 02  s 
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SSRIBS  III. 

Ag  —  107.880.  PBfa  :  3AgBr.  Br  —  79.916. 

Corrected 

No.     Fnc-  Weicht  of       WeMit  of       Loss       A^Br  from        weiglit  Atomic 

of      tion        PBrs  AsBr  on  filtrate  and       of  A«Br  weisht 

anal-    of      in  vacuum,     in  vacuum,     fusion,     wash  waters,  in  vacuum.       Ratio  of  pEos- 

ysis.  PBrs.      Grams.  Grams.  Gram.  Gram.  Grams.     PBrt:3AirBr.    phorus. 

32  I  4.39626  9.14614  0.00018  0.00067  9.14663  0.480643  31.040 

33  3  707758  14-72594  0.00017  0.00055  14.72642  0.480604  31.019 

34  4  4.19854  8.73548  0.00020  0.00058  8.73586  0.480610  31.022 

35  6  7.26540  15. 1 1696  0.00020  0.00049  15. 1 1725  0.480603  31.018 

36  8  7.75072  16.12689  0.00032  0.00080  16.12737  0.480594  31.013 

Average 0.48061 1     31.022 

Average  of  Series  I,  II  and  III.     0.480623     31.029 

filtrate  and  wash  waters  were  evaporated  to  small  bulk,  and  after  a 
slight  precipitate  of  silicic  acid  had  been  removed  by  filtration,  were 
diluted  to  100  cc.  Portions  of  the  solution  were  then  analyzed  for  silver 
by  comparison  in  the  nephelometer  with  standard  silver  nitrate  solu- 
tions, after  the  addition  of  an  excess  of  bromide.  In  each  analysis  the 
amount  obtained  in  this  way  exceeds  slightly  the  amount  to  be  expected 
from  the  solubility  of  silver  bromide,  owing  doubtless  to  colloidal  silver 
bromide  which  escaped  the  crucibles.  A  correction  for  the  silver  found 
in  this  way,  estimated  as  bromide,  was  added  to  the  weight  of  the  main 
mass  of  silver  bromide. 

The  precipitating  flask  was  rinsed  with  ammonia,  and,  if  the  solution 
was  found  to  contain  silver,  the  quantity  was  determined  in  a  similar 
fashion  in  the  nephelometer  and  a  correction  applied. 

The  preceding  tables  contain  the  results  of  all  the  analyses  whicn 
met  with  no  accidents.  A  considerable  portion  of  the  preliminary  work 
on  the  methods  of  preparation  and  analysis  was  done  by  A.  C.  Boylston. 
The  perfection  of  the  apparatus  and  methods  and  all  the  final  prepara- 
tions and  analyses  were  made  by  C.  J.  Moore. 

Weighings  were  made  on  a  No.  10  Troemner  balance  sensitive  to  a 
very  few  hundredths  of  a  milligram,  while  the  gold-plated  weights  were 
carefully  standardized  to  hundredths  of  a  milligram  by  the  method  de- 
scribed by  Richards.* 

Vacuum  corrections  were  applied  as  follows : 

Specific  gravity.  Vacuum  correction. 

Weights 8.3  +0.000145 

AgBr 6.47  -ho. 000041 

Ag 10-49  — 0.000030 

Glass 2.5  +0.000335 

The  following  table,  which  gives  the  ratio  of  silver  used  to  silver  bro- 
(  This  Journal,  aa,  144  (1900). 
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mide  obtained  in  the  same  analysis,  strengthens  the  view  that  the  pre- 
cautions taken  to  prevent  reduction  of  the  silver  salts  by  the  phosphorous 
compounds  and  occlusion  by  the  silver  bromide  were  effective: 

Analyses.  Ag :  AcBr. 

1  and  9  0.574461 

2  and  xo  0.574478 

3  and  II  0.574446 

4  and  12  0.574463 
sand  13  0.574462 

7  and  14  0.574454 

8  and  15  0.574451 

16  and  22  0.574486 

17  and  23  0.574473 

18  and  24  0.574466 

20  and  25  0.574473 

21  and  26  0.574478 

27  and  32  0.574470 

28  and  33  0.574448 

29  and  34  0.574472 

30  and  .35  0.574446 

31  and  36  0.574431 


Average o .  574462 

Although  the  average  result  is  very  slightly  higher  than  the  value 
which  has  already  been  shown  by  Baxter*  to  be  the  most  probable  one, 
0.574453,  the  difference,  which  is  less  than  0.002%,  is  too  small  to  be 
significant. 

In  examining  critically  the  results  recorded  in  the  foregoing  tables 
it  should  first  of  all  be  noted  that  a  given  percentage  error  in  the  experi- 
mental work  is  multiplied  nine  times  in  the  calculation  of  the  atomic 
weight  of  phosphorus;  that  is,  an  experimental  error  of  one  one-hun- 
dredth of  a  per  cent,  affects  the  atomic  weight  of  phosphorus  by  0.027 
unit.  The  highest  value  for  the  atomic  weight  of  phosphorus  in  these 
tables  is  31.040,  the  lowest  31.013,  a  difference  corresponding  exactly 
to  one  one-hundredth  of  a  per  cent,  in  the  experimental  work.  On  the 
whole,  however,  the  agreement  of  the  results  is  better  than  this,  since, 
of  the  thirty-six  results,  twenty-seven  fall  between  the  limits  3 1 .  035  and 
31.021,  a  difference  only  half  as  large.  In  other  words,  the  different 
specimens  of  material  seem  to  be  identical  as  far  as  the  method  is  capable 
of  testing  this  point. 

la  each  series,  if  the  first  fraction,  that  of  the  highest  number,  8  or 
10,  contained  an  excess  of  bromine,  it  would  have  yielded  too  low  a  re- 
sult, while  if  decomposition  occurred  during  the  distillation,  witli  the  pos- 
sible production  of  lower  bromides  of  phosphorus,  the  residual  fraction,  i, 
would  have  yielded  too  high  a  result.  The  only  differences  in  each  series, 
*  Proc.  Am,  Acad.,  42  (1906).     Tins  Journal,  a8,  1322.    Z.anorg.  Chem.,  50,  389. 
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however,  seem  to  be  purely  acddeiital.    Furthermore,  the  three  series 
yield  average  results  in  practical  unanimity. 

In  the  following  table  the  final  average  of  this  research  is  compared 
with  that  of  Baxter  and  Jones  with  silver  phosphate: 

Ac- 107.88.  A«- 107.87.  A«- 107.86. 

PBr, 31.027  31.024  31.021 

Ag,PO< 3104  3103  31-02 

Summary  of  Results. 

1.  A  method  is  described  for  the  preparation  of  pure  phosphorus  tri- 
bromide. 

2.  It  is  shown  that  the  precipitation  of  the  halogen  of  phosphorus 
halides  after  decomposition  with  water,  can  safely  be  done  only  after 
the  oxidation  of  the  greater  portion  of  the  phosphorous  add  produced. 

3.  A  method  is  described  for  the  determination  of  the  bromine  in 
phosphorus  tribromide  by  comparison  with  silver  and  as  silver  bromide. 

4.  The  molecular  wdght  of  phosphorus  tribromide  referred  to  silver 
107 . 88  is  found  to  be  270. 775,  whence  phosphorus  has  the  atomic  weight 
31.027.  If  silver  is  taken  at  107.87,  the  atomic  weight  of  phosphorus 
becomes  31.024.  These  values  agree  very  dosdy  with  those  found 
by  the  analysis  of  silver  phosphate  by  Baxter  and  Jones. 

An  attempt  to  prepare  and  analyze  phosphorus  trichloride  in  a  similar 
manner  is  now  under  way  in  this  laboratory. 

We  are  particularly  indebted  to  the  Carnegie  Institution  of  Washing- 
ton for  generous  pecuniary  assistance  in  carrying  out  this  investigation. 

Cambxidob.  Mabs. 


THE  REDUCTION  OF  VAIVADIC  ACID  Df  COirCEITTRATBD  SUL- 
FURIC ACID  SOLUTION  BT  HYDROGEN  PEROXIDE 

AND  BY  PBRSULPATES. 

By  J.  R.  Caim  and  J.  C  Hostbttbr. 
Received  January  4,  1912. 

Gregory*  recently  described  a  colorimetric  method  for  vanadium  de- 
pending on  the  colors  developed  when  concentrated  sulfuric  acid  solu- 
tions of  vanadium  and  strychnine  are  mixed.  It  seemed  likely  from  his 
statements  and  from  others  in  the  literature  that  the  strychnine  colors 
develop  only  with  pentavalent  vanadium.  We  satisfied  ourselves  that 
quadrivalent  vanadium  compounds,  at  least,  give  no  colors.  However, 
concentrated  sulfuric  acid  solutions  of  vanadium  containing  small  amounts 
of  the  latter  are  very  apt,  from  various  causes,  to  become  reduced  to 
quadrivalent  vanadium  when  carrying  out  Gregory's  method,  and  as  we 
desired  to  avoid  the  use  of  potassium  chlorate,  as  recommended  by  him, 
we  tested  various  oxidizing  agents.    Among  otners,  hydrogen  peroxide 

^  Chem.  News,  zoo,  221  (1909). 
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was  used.  But,  judging  from  the  colors  developed  by  treating  with 
hydrogen  peroxide  and  adding  strychnine,  the  peroxide  treatment  was  un- 
successful. This  seemed  so  surprising  that  stronger  solutions  of  vanadium 
peroxide  in  concentrated  sulfuric  acid  were  tested  as  to  their  behavior 
with  hydrogen  peroxide.  To  our  surprise  we  found  that  vanadium 
pentoxide  in  such  solutions  was  immediately  and  quantitatively  reduced 
to  the  quadrivalent  condition  by  the  peroxide.  This  was  shown  on  the 
one  hand  by  the  sudden  color  change  from  the  orange  or  straw-color 
of  sulfuric  add  solutions  of  the  pentoxide  to  the  deep  blue  of  the  quadriv- 
alent vanadium  compounds,  and  on  the  other  hand  by  titration  against 
permanganate.  Indeed,  this  affords  a  very  convenient  method  for  stand- 
ardizing pure  vanadium  solutions.  All  that  is  necessary  is  to  evaporate 
the  solution  with  concentrated  sulfuric  acid  until  fumes  are  given  off 
freely,  cool,  add  a  slight  excess  of  3%  hydrogen  peroxide,  cover  the 
Bask  and  fume  strongly  for  a  few  minutes  more  to  destroy  the  excess  of 
peroxide,  after  which  the  solution  may  be  titrated  against  permanganate. 
We  made  some  tests  showing  that  molybdenum  and  titanium  are  not 
amilarly  reduced  by  hydrogen  peroxide;  also  iron  is  not  reduced. 

Peroxides  of  zinc,  barium,  magnesium  and  sodium  behaved  in  the 
same  manner  as  hydrogen  peroxide;  however,  the  reduction  succeeds 
best  with  the  latter.  Barium  peroxide,  particularly,  should  not  be  used 
where  one  is  standardizing  vanadium  solutions,  inasmuch  as  the  resulting 
precipitate  carries  vanadium  which  would  escape  titration. 

It  was  also  found  that  concentrated  sulfuric  acid  solutions  of  vanadium 
pentoxide  could  be.  reduced  with  persulfates.  Our  experiments  were 
carried  out  with  potassium  and  ammonium  persulfates.  Inasmuch  as 
it  is  known  that  persulfates  in  concentrated  sulfuric  acid  change  more 
or  less  rapidly  to  Caro's  add,  and  since  Caro's  acid  is  sometimes  made 
by  adding  hydrogen  peroxide  to  concentrated  sulfuric  add,  it  seemed 
quite  likely  that  Caro's  add  caused,  or  took  part  in,  the  reaction.  Ac- 
cordingly, a  quantity  of  this  reagent  was  prepared*  by  slowly  dropping 
perhydrol  into  sulfuric  acid  (50%  by  volume)  cooled  by  a  freezing  mixture. 
After  allowing  ten  minutes  for  the  system  to  reach  a  condition  of  equilib- 
riiun,  the  excess  of  peroxide  was  destroyed  by  permanganate.  Now, 
on  adding  the  reagent  thus  prepared  to  a  concentrated  sulfuric  acid  solu- 
tion of  vanadium  pentoxide,  the  reduction  took  place,  as  expected,  so 
there  seems  but  little  doubt  that  the  reaction  is  really  between  Caro*s 
acid  and  vanadium  pentoxide.  We  have  not  investigated  the  mechanism 
of  the  reaction,  but  it  seems  quite  possible  that  such  an  investigation 
would  throw  some  light  on  the  still  rather  obscure  question  as  to  the 
cxmstitution  of  Caro's  add. 

We  have  found  no  references  in  the  literature,  in  hand-books  nor  in 

*  Baeyer  and  ViUiger,  Ber.,  34,  853  (1901). 


276  C.   JAMBS,   F.   M.   HOBEN  AND  C.   H.   ROBINSON. 

text-books  on  qutotitative  analysis,  to  this  reaction,  and  believe  the 
observation  to  be  new.  It  is  of  interest,  perhaps,  to  note  certain  observa- 
tions which  show  that  some  investigators  have  probably  had  this  phenom- 
enon accompanying  others,  without,  however,  fully  recognizing  or  explain- 
ing it.  Thus,  Scheuer^  analyzed  barium  and  other  pervanadates  by 
treating  them  in  a  flask  with  dilute  sulfuric  acid,  boiling  until  no  more 
oxygen  was  given  off,  and  measuring  the  amount  of  oxygen  evolved. 
Hydrogen  peroxide  is  liberated  under  these  conditions  and  if  the  con- 
centration of  sulfuric  acid  is  right,  some  or  all  of  the  vanadium  may  be 
reduced  to  the  quadrivalent  condition.  Speaking  of  the  analysis  of 
barium  pervanadate,  Scheuer  says,  concerning  the  operation  of  boiling 
the  solution  to  expel  oxygen:  **Dies  ist  beendet  wenn  die  anfangs  rote 
Losung  (primary  action  of  peroxide  on  vanadium,  giving  pervanadic 
acid)  eine  hellgriine  Farbung  angenommen  hat."  The  "hellgriine" 
color  must  have  been  that  of  a  mixture  of  VjO^  and  of  VjOg,  due  to  a  partial 
reduction  of  the  V2O5  by  hydrogen  peroxide.      However,  Scheuer  says 

**In  die  Filtrate  fand  sich  noch  die  freie  Vanadinsaure ,"  and  then 

gives  instructions  for  determining  it  by  reducing  with  sulfur  dioxide 
and  titrating  against  permanganate.  Also,  Cammerer,'  in  preparing 
pervanadic  acid  by  causing  hydrogen  peroxide  to  react  with  solid  vanadium 
pentoxide,  found  that  the  aqueous  solution  of  the  reaction  product, 
when  evaporated  on  the  steam-bath,  deposited  a  greenish  colored  substance 
giving,  in  dilute  sulfuric  add,  a  green  solution  which  reduced  permanga- 
nate. More  recently,  Trautmann,'  in  analyzing  ferrovanadium,  fuses  it 
with  sodium  peroxide,  extracts  the  fusion  witn  w^ter  and  filters.  The 
solution,  which  contains  the  vanadium  and  an  excess  of  hydrogen  peroxide, 
I  is  acidified  with  sulfuric  acid,  and  Trautmann  states  that  at  this  stage 

he  often  observed  a  reduction,  after  boiling  ofif  the  hydrogen  peroxide. 
It  seems  very  likely  that  here,  also,  conditions  are  sometimes  right  for 
reduction  of  vanadic  acid  by  hydrogen  peroxide. 

BuRBAu  OF  Standards. 
j  Washington.  D.  C 

I  [Contribution  from  the  Chemical  Laboratory  ok  New  Hampshire  College.] 

NEW  COMPOUNDS  OF  SAMARIUM  AND  NEODYMIUM. 

By  C.  Jambs,  P.  M.  Hobbn  and  C  H.  Robinson. 

I  Received  January  8.  1912. 

I 

The  following  compounds  were  prepared  during  a  search  for  salts  of 
the  rare  earths  that  might  be  useful  for  fractionating : 

Samarium  EihylstUfonate  (C3H5S03)eSm2.6H,0. — Ethylsulfonic  acid  was 
heated  nearly  to  boiling  and  small  quantities  of  samarium  oxide  added 

*  Z.  anorg.  Chem.,  i6,  289  (1898). 
■  Client.  Zig.,  IS,  958  (1891). 

*  Z.  anal.  Chem.,  50,  371  (191 1). 
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until  no  more  oxide  would  dissolve.  Finally  a  little  more  acid  was  added, 
the  whole  boiled  for  a  short  time,  filtered  and  e:vaporated  down  on  the 
water  bath.  The  compound  gradually  crystallized  out  upon  standing. 
The  crystals  were  freed  from  the  mother  liquor  by  suction  and  washed 
with  acetone. 

This  salt  formed  pale  yellow  crystals,  very  soluble  in  water  and  alcohol, 
but  insoluble  in  acetone  and  ether.  Upon  heating,  this  substance  charred 
and  gave  off  a  strong  garlic  odor. 

Samarium  ethylsulfonate  lost  all  its  water  of  crystallization  when  heated 
to  100**  for  four  hours. 

Calculated:  Sm^O,,  32.78;  S,  18.09;  H,0,  10.16.     Found:  Sm,0,,  32.70;  S,  18.17;  H,0, 

10.14. 

Samarium  MethylstUfonaie  (CHjS03)^mj.7H,0. — ^This  substance  was 
prepared  in  a  similar  manner  to  the  former  sulfonate.  The  solution, 
after  filtering  and  evaporating  was  allowed  to  stand  fof  a  day  and  a  half. 
The  crystals  were  dried  as  much  as  possible  by  suction  and  washed  with 
acetone.  , 

This  sulfonate  formed  pale  yellow  crystals,  very  soluble  in  water  and 
alcohol,  only  slightly  soluble  in  acetone,  and  insoluble  in  ether. 

Samarium  methylsulfonate  lost  six  molecules  of  water  of  crystalliza- 
fion  after  heating  to  loo^  for  some  time. 

Calculated:  Sm,0„  34.97.    Found:  Sm,0„  35.15. 

Samarium  Propylsulfonate  (C3H7S03)5Smj.9H20. — Obtained  like  the 
ethylsulfonate. 

This  compound  did  not  crystallize  well.  It  was  filtered  from  the  mother 
liquor  by  suction  and  well  washed  with  ether.  The  result  of  this  treat- 
ment was  a  powder,  of  small  crystals,  possessing  a  yellowish  tint,  soluble 
in  water,  alcohol  and  acetone  but  insoluble  in  ether. 

The  propylsulfonate,  when  heated  for  a  long  time  at  ioo°,  lost  eight 
molecules  of  water  of  crystallization. 

Calculated:  Sm,0„  29.04.     Found:  Sn^O^  29.12. 

Samarium  Isobutylsulfonaie,  (C4H,SO,)e3nx2.7H,0,  was  prepared  by 
saturating  isobutylsulfonic  acid  with  samarium  oxide,  care  being  taken 
to  have  the  solution  acid  before  filtering  and  evaporating.  The  con- 
centrated solution  was  allowed  to  stand  over  sulfuric  acid  for  a  few  days. 
The  crystals  were  separated  and  washed  with  ether. 

Samarium  isobutylsulfonate  lost  five  molecules  of  water,  when  kept 
at  100°  for  two  days. 

Calculated:  Sm,0„  27.90.    Found:  Srn^O,,  27.97. 

Samarium  Camphorsulfonate,  (CioHi50S03)^mj.ioH,0. — ^This  sulfonate 
was  obtained  as  above.  .  When  sufficient  of  the  salt  had  separated,  the 
dish  was  removed  from  the  desiccator,  the  crystals  separated  upon  a  small 
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Biidiner  funnel  and  washed  with  ether.  The  crystals  were  dissolved  in 
alcohol  and  the  solution  allowed  to  crystallize,  after  which  it  was  again 
well  washed  with  ether. 

Samarium  camphorsulfonate  formed  a  mass  of  very  small  crystals, 
white  with  only  a  faint  yellow  tint.  It  was  very  soluble  in  water,  alcohol 
and  acetone,  but  insoluble  in  ether. 

This  compound  after  heating  for  some  time  at  loo^  became  nearly 
anhydrous. 

Calculated:  Sm^O,,  18.67.    Found:  Sm,0„  18.61. 

Samarium  Methane-tristdfonate,  (CH(SO,)j)2Sm2.i6H20. — ^A  slightly 
acid  solution  of  samarium  oxide  in  methane-trisulf  onic  acid  was  evaporated 
and  set  aside  to  crystallize.  The  samarium  compound  separated  very 
well  after  standing  for  a  day.  The  crystals  were  drained  and  well  washed 
with  alcohol.  They  were  yellowish,  transparent,  soluble  in  water  but 
insoluble  in  alcohol,  acetone  and  ether.  This  salt  is  very  stable  since 
it  can  be  heated  to  high  temperatures,  with  f  tuning  nitric  acid  in  sealed 
tubes,  without  decomposition  taking  place.  « 

Samarium  methane-trisulfonate  lost  two  molecules  of  water  after 
prolonged  heating  to  100°. 

Calculated:  Sm,0„  31.84.     Pound:  Sm^O,,  31.88. 

Samarium  i,3,4'Meta'Xylenesvlf(maU,  {C^^{QS.^^O^^vi^.illfi. — ^A 
concentrated  solution  of  samarium  oxide  in  the  xylenesulfonic  acid 
crystallized  after  standing  some  time.  The  solid  was  drained  and  washed 
with  acetone.  It  formed  small,  very  pale  yellow  crystals,  soluble  in 
water  and  alcohol,  insoluble  in  acetone  and  ether. 

Calculated:  Sni,0„  22.69.    Pound:  Sm^Os,  22.65. 

Samarium  GlycoUate,  (CH,.0H.C00)eSm2. — Samarium  hydroxide  was 
gradually  added  to  cold  glycoUic  acid.  Upon  heating  the  filtered  solu- 
tion, the  salt  separated  as  a  very  dense  precipitate  which  was  almost 
insoluble  in  water. 

Samarium  glycollate  diflFers  from  yttrium  glycollate,  inasmuch  as  the 
former  is  anhydrous  while  the  latter  contains  two  molecules  of  water  of 

crystallization.* 

Calculated:  SmjO,,  46.44.     Found:  Sm,0„  46.54. 

Samarium  Cacodylate,  ((GH8),As02)eSm3.i6H20. —  This  substance  was 
obtained  ^by  boiling  a  solution  of  cacodylic  acid  with  samarium  hydroxide. 
The  last  portions  of  samarium  hydroxide  were  dissolved  by  the  careful 
addition  of  more  acid.  Upon  cooling,  the  solution  crystallized.  The 
whole  was  potu'ed  upon  a  Buchner  funnel  and  the  crystals  washed  with 
alcohol  and  dried. 

The  cacodylate  forms  white  crystals  which  are  soluble  in  hot  water, 
insoluble  in  alcohol  and  acetone. 

>  Pratt  and  James,  This  Journal,  33,  1330. 
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When  kept  at  100^  for  three  hours  all  water  of  crystallization  was 
lost. 

Calculated:  Siii«0„  34.73;  ^,0,  20.43.     Found:  Sm/),,  24.81;  H,0,  20.43. 

Samarium  Ethylene-distUfonate,  (C,H4(SO,),)gSms.4H,P,  was  prepared 
by  saturating  ethylene  disulfonic  add  with  samarium  hydroxide.  The 
sdution  was  made  slightly  acid,  filtered  and  evaporated.  The  salt 
sqiarated  well.  It  fonned  yellow  transparent  crystals,  soluble  in  water, 
slightly  soluble  in  alcohol  and  insoluble  in  acetone. 

Calculated:  Smfi^  37-3a.    Pound:  Sii^O„  37-04.  <• 

Samarium  EthylgfycoUaU,  (CjH»0.CH,C00)eSm,.i8H,0.  —  Separated 
from  concentrated  solution  in  large  ydlow  transparent  crystals  which 
contained  included  mother  liquor.  An  analysis  showed  the  presence  of 
eighteen  molecules  of  water  of  crystallization.  However,  since  there  was 
doubt  about  mother  liquor,  the  study  of  the  rare  earth  ethylglycollates 
will  be  continued  at  an  early  opportunity,  with  larger  amounts  of  material. 

tCH,.C.COO  V  1 
H  y  I  jSm,.i2H,0. — Citraconic  acid 

CHCOCK  J 

was  saturated  with  samarium  hydroxide,  filtered  and  concentrated. 
The  compound  which  separated  out  upon  standing,  was  removed  by 
suction  and  the  mass  of  dtraconate  washed  with  alcohol  and  acetone. 

Calculated:  Sm^„  38-72.    Found:  Smfi^  38.88. 

Samarium  Sulfoacetaie,  I  \  y\  Sm,. — Samarium  hydroxide  rapidly 


•A  I  >lSm,. 

[coo -/J, 


dissolved  in  sulfoacetic  acid.  No  crystals  were  obtained  by  evaporation 
and  leaving  over  sulfuric  acid.  The  solution  merely  formed  a  thick 
sticky  mass. 

Samarium  Hydroxyethanesulfonate. — ^A*  concentrated  solution  of  this 
compound  would  not  crystallize  when  allowed  to  remain  in  a  desiccator 
over  sulfuric  acid. 

Neodymium  Methylsulfonaie,  (CHjSO,)eNd2.7HaO. — Methylsulfonic  acid 
was  saturated  with  neodymium  oxide  and  filtered.  The  concentrated 
solution  solidified  to  a  crystalline  mass,  when  left  in  a  desiccator,  over 
sulfuric  add.  The  crystals  were  broken  up  and  wdl  washed  with  ether. 
They  were  very  soluble  in  water,  soluble  in  alcohol  ahd  slightiy-  so  in 
acetone,  but  insoluble  in  ether.  It  lost  six  molecules  of  water  of  crystal- 
lization at  100^  similar  to  the  samarium  compound. 

Calculated:  Nd,0,i  34.17.    Found:  NdgO,,  34-24. 

Neodymium  Eihylsulfonate,  (C^jS03)eNdj.6HjO.— The  formation  of 
this  compotmd  was  brought  about  in  the  same  manner  as  the  preceding. 
It  appeared  to  be  less  soluble  than  the  methylsulfonate  however,  for  it 
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crystallized  easily  upon  evaporation  and  being  allowed  to  stand  for  a 
short  time.  The  powdered  salt  was  washed  with  ether.  It  possessed  a 
pale  amethyst  color,  was  insoluble  in  acetone  and  ether,  soluble  in  alcohol, 
and  very  soluble  in  water. 

Calculated:  Nd^O,,  32.02;  H,0,  10.28.    Pound:  NdjO,,  32.05;  H,0,  9.97. 

Neodymium  Propylsulfonate,  {CJclfSO^)^Nd2^6Kfi, — ^A  solution  of  this 
substance  gave  upon  evaporation  a  voluminous  mass  of  small  crystals. 
They  were  washed  by  ether  and  dried.  The  propylsulfonate  is  very  solu- 
ble in  water,  soluble  in  acetone  and  alcohol.  After  heating  for  some 
time  to  100®,  one  molecule  of  water  remains. 

Calculated:  Nd,0,,  29.65.    Found:  Nd,0„  29.63. 

Neodymium  IsobtUylsidfonate,  (C4H9S03)eNd3. — Crystals  of  this  com- 
pound formed  with  difiBiculty.  They  were  voluminous,  pale  amethyst, 
soluble  in  alcohol  and  very  soluble  in  water. 

The  estimation  of  NdjO,  gave  results  corresponding  to  8  H^O^  this 
being  one  molecule  more  than  the  samarium  compound  possessed.  Mois- 
ture or  efflorescence  might  be  the  cause  of  this  difference.  However,  the 
salts  did  not  seem  to  be  of  sufficient  importance  to  make  it  worth  while 
preparing  again. 

Calculated:  Nd,Ot,  26.81.     Found:  Nd/)„  26.94. 

Neodymium  Ethylene'disvlfonatey  (C,H4(S08),)3Nd3.ioHj|0. — ^The  acid 
was  carefully  neutralized  with  neodymium  oxide.  The  clear  solution 
was  evaporated,  after  which  large  amethyst  crystals  formed.  They 
were  insoluble  in  alcohol  and  acetoiie,  but  very  soluble  in  water.  When 
heated  to  100°  for  a  long  time  the  salt  gradually  lost  water  until  a  hydrate 
containing  4  molecules  of  water  remained. 

Calculated:  NdsO,,  32.59.    Found:  Nd^Oa,  32.58. 

Neodymium  Methane-trisulfonate,  (CH(S03)8)2Nd3.i4H20. — Fairly  large 
crystals  of  this  substance  were  obtained  by  evaporating  a  solution  of 
the  oxide  in  the  corresponding  acid.  They  were  of  a  pale  amethyst  color, 
insoluble  in  alcohol,  acetone  and  acetic  acid,  but  very  soluble  in  water. 
Like  most  of  the  other  sulfonates,  there  was  very  little  difference  be- 
tween the  solubilities  at  room  temperature  and  100°.  This  renders  these 
compounds  unsuitable  for  rapid  fractionation. 

The  neodymium  trisulfonate,  similar  to  other  salts  of  this  acid,  is  very 
stable;  it  is  not  decomposed  by  fuming  nitric  acid,  under  pressure,  until 
a  high  temperature  is  reached. 

Calculated:  Nd,0„  32.15.     Found:  Nd,0„  32.04. 

Neodymium  Camphor  sulfonate,  {C^^J^SO^^d^.l^'tifi. — A  solution 
of  this  salt  obtained  in  the  usual  way  crystallized  with  difficulty,  yielding 
a  fluffy,  very  pale  amethyst  powder,  soluble  in  alcohol  and  acetone,  and 
very  soluble  in  water. 

Calculated:  Nd,0„  16.98.     Found:  NdjO,,  17.02. 
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Several  hydrates  of  the  camphorsulfonates  appear  to  exist. 

Neodymtum  i,s,4-Metaxylenesidfonaie,  (Cfi^(Cli^)jSO;)^^d^.2HjO.— 
This  sulfauate  sepcurated  out,  during  the  evaporation  on  a  water  bath, 
in  crystalline  form.  It  was  of  a  very  pale  amethyst  color,  insoluble  in 
acetone,  slightly  soluble  in  alcohol  and  soluble  in  water. 

Calculated:  Nd,0„  22.46.    Pound:  Nd/D,,  22.35. 

Neodymtum  Meiasvlfohenzoatey  {QJS,^     *^),Nd,.9HjO,  formed    pale 

colored  crystals  soluble  in  alcohol  and  acetone,  and  very  soluble  in  water. 

Calculated:  Nd,0„  32.03.     Pound:  Nd^^  32.19. 

Neodymium  Qwmaie,  (C,H7(OH)4COO)gNd,.iiH20.— Neodymium  hy- 
droxide was  boiled  with  quinic  add ;  the  solution  filtered  and  evaporated. 
The  quinate  crystallized  out  upon  cooling.  Pale  amethyst  colored 
powder,  slightly  soluble  in  cold  water. 

Calcul%ted:  Nd«0„  20.62.     Pound:  Nd,0„  20.61. 

Neodymium  AniscUe,  (CeH4.CH50.COO)aNd,. — This  compound  was 
precipitated  when  a  slightly  acid  solution  of  sodium  anisate  was  added 
to  a  nearly  neutral  solution  of  neodymium  chloride.  Free  anisic  acid 
was  removed  from  the  precipitate  by  means  of  hot  acetone.  The  pale 
colored  precipitate  was  insoluble  in  water. 

Calculated:  Nd/),,  28.16;  H,  3.54;  C,  48.19.  Found:  Nd,0„  28.17;  H,  3.31;  C,  48.29. 
Neodymium  Oxanilate,  (CeH5NHOGCOO)gNd,.5H,0.— When  neodymium 
chloride  was  added  to  a  hot,  slightly  acid  solution  of  sodium  oxanilate, 
a  thick  sticky  mass  separated,  which  rapidly  became  hard  and  crystalline 
upon  cooling.    The  compound  was  insoluble. 

Calculated:  Nd,0,,  24.70.  Pound:  Nd^Og,  24.69. 
Neodymium  Cdcodylate,  ((CH8)jAs02)6Nd,. — Cacodylic  acid  was  satu- 
rated with  neodymium  hydroxide.  The  liquid  was  filtered  and  evaporated. 
Upon  cooling,  the  salt  separated  in  very  soft  asbestos-like  crystals.  It 
was  msoluble  in  alcohol  and  acetone,  slightly  soluble  in  cold  water,  and 
soluble  in  hot  water. 

Calculated:  Nd^Og,  30.31.     Pound:  Nd,0„  30.40. 
Neodymium  Hydroxyethanesulfonaie. — A  solution  containing  this  com- 
pound would  not  crystallize,  so  as  to  be  workable. 

DrntHAic,  Nkw  HAMPSBntB. 


A  HEW  METHOD  FOR  THE  SEPARATION  OF  THORIUM. 

By  T.  O.  Sirrni  and  C.  Jambs. 
Rcoeived  January  13.  1912. 

While  working  upon  the  separation  of  thorium  from  the  rare  earths 
the  authors  .observed  that  sebacic  acid  gave  a  precipitate  in  a  neutra 
solution  which  appeared  to  be  quantitative. 

Thorium  sebacate  is  a  voluminous,  granular  precipitate  which  settles 
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readily  and  is  easily  filtered.    Solutions  of  cerium,  lanthanum,  yttrium, 
etc.,  give  no  precipitate  with  sebacic  acid  even  upon  boiling. 

In  order  to  determine  whether  or  not  the  above  observations  were 
correct,  the  following  work  was  carried  out. 

A  thorium  nitrate  solution  was  prepared,  carefully  standardized  by 
the  oxalic  add  and  hydrogen  peroxide  methods,  and  was  found  to  con- 
tain 0.005572  gram  of  thorium  dioxide  per  cc. 

The  precipitant  was  used  in  the  form  of  a  boiling  solution  practically 
saturated  at  that  temperature. 

Fifty  cc.  portions  of  the  standard  thorium  nitrate  solution  were  meas- 
ured into  a  250  cc.  beaker  and  raised  to  the  boiling  point.  A  slight 
excess  of  the  hot  solution  of  sebacic  acid  was  added  slowly  with  continuous 
stirring.  The  precipitate  which  formed  at  once  was  immediately  filtered 
and  thoroughly  washed  with  boiling  water.  The  sebacate  washes  readily 
and  the  operation  may  be  performed  with  ease  in  a  yery  short  time.  The 
precipitate  was  rapidly  dried,  ignited  and  >reighed  as  thorium  dioxide. 

The  following  data  show  a  good  agreement  with  the  standardization 
by  oxalic  add: 

Grunt  ThOa 

precipitated  by 

•cbacic  add. 

0.2787 

0.2785 

0.2786 

0.2790 

0.2792 

0.2790 


sto,  of  cc  of 

GranuTliOt 
I                precipitated  b: 
oxaAcacid. 

eolation. 

50 

0.2791 

50 

0.2786 

50 

0.2780 

50 

0.2783 

50 

0.2787 

50 

0.2790 

Average,    0.2786 

0.2788 


The  next  step  was  to  ascertain  the  effect  of  the  presence  of  rare  earths 
upon  the  thorium  precipitate.  Accordingly  a  solution  consisting  chiefly 
of  cerium,  together  with  fair  amounts  of  lanthanum,  praseodymium, 
neod3miium  and  traces  of  samarium,  gadolinium,  etc.,  was  prepared. 
Varying  quantities  of  this  solution  which  contained  0.005516  gram  of 
the  combined  oxides  per  cc.  were  added  to  the  standard  thorium  solution. 
The  thorium  dioxide  was  determined  as  above. 

Results  are  given  below: 


No.  of  cc. 

Ovainsof 

rareeartli 

oxides  present. 

ThOa  present  by 
avcrace  of  oxalic  and 

ThOj 
fonnd. 

50 

0.05516 

0.2787 

0.2789 

50 

0.1 1032 

0.2787 

0.2786 

50 

0.16548 

0.2787 

0.2789 

10 

0-5516 

0.05574 

0.0562 

10 

0.5516 

0.05574 

0.0565 

10 

0.5516 

0.05574 

0.0564 
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The  authors  did  not  test  the  action  of  salts  such  as  dysprosium,  erbium, 
thufium,  etc.,  upon  the  thorium  precipitate,  as  these  elements  occur 
only  in  small  amounts  in  the  ordinary  thorium  minerals. 

Sepaxmtion  of  Thoripm  fran  the  Rare  Earths. 

The  reaction  between  sebacic  acid  and  neutral  thorium  scdutions  would 
i4)pear  to  be  valuable  for  the  separation  and  purification  of  thorium  mate- 
rials. 

Sebacic  add  can  probably  be  prepared  more  cheaply  than  the  reagents 
ordinarily  used  for  the  more  rapid  purification  of  thorium.  It  is  formed 
when  castor-oil  soap  is  heated  with  sodium  hydroxide.  It  dissolves  in 
locx)  parts  of  water  at  17^  4opartsper  liter  at  65^  and  at  the  boiling  point 
becomes  fairly  soluble.  Owing  to  its  slight  solubility  in  cold  water  it 
can  readily  be  recovered;  hence,  it  could  be  used  in  the  separation  of 
thoritmi  on  a  large  scale. 

QuaUtatlve  Teals  with  Other  Adds. 

Phenoxyacetic  acid,  CH,(OCJE{t)COOH,  precipitated  thorium  from  a 
neatral  solution  almost  quantitatively.  The  addition  of  aniline  did  not 
aid  in  the  separation.  It  was  therefore  considered  that  thorium,  phen- 
oxyacetate  was  very  slightly  soluble  in  water. 

The  ortho-nitro-phcnoxyacetic  acid  did  not  give  satisfactory  results. 

Mucic  add,  (CHOH)4(COOH)3,  gave  a  predpitate  which  filtered  slowly 
and  was  not  quantitative. 

Anisic  add,  C,H4(OCH)jCOOH,  only  partially  predpitated  thorium 
from  a  neutral  solution. 

CHjCONH, 
Aspartic  acid,    |  ,  when  boiled  with  a  neutral  solution  of 

CH,COOH 

thoritmi  nitrate  gave  a  predpitate  which  could  not  be  separated  by 
filtration. 

CH3CHCOOH 
Pyrotartaric  add,  |  . — ^The  addition  of  this  add  to  a 

CHjCOOH 

cold  neutral  solution  of  thorium  nitrate  caused  no  predpitation.  How- 
ever, upon  boiling,  a  curdy  precipitate  rapidly  formed  and  after  filtering 
no  thorium  was  found  in  the  solution.  Prom  the  above  facts  it  would 
seem  that  pyrotartaric  acid  could  be  used  for  the  quantitative  determina- 
tion of  thorium. 

Since  the  cost  o  pyrotartaric  add  is  considerably  greater  than  that 
of  sebadc  add,  and  since  the  former  cannot  be  regained  so  readily,  no 
further  work  was  done  with  it. 

Oxanilic  add,  CJSsNHCOCOOH,  predpitates  both  the  rare  earths  and 
thorium  from  neutral  solutions.    From  slightly  add  solutions  thorium 
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only  is  precipitated.    By  increasing  the  concentration  of  the  add  the 
precipitate  redissolves. 

All  the  above  adds,  with  the  exception  of  oxanilic,  give  no  predpitate 
with  the  rare  earths  in  cold  or  hot  neutral  solutions. 

Nkw  MAMPtaiKB  OoixBQB  AND  Expbrucbnt  Station. 

DUKBAH.  NBW  HAMPSHIXB. 


NOTES. 

A  Modification  of  the  Modified  Winkler  Method  for  the  Determination 
of  Sulphates  in  Water. — ^The  Modified  Winkler  Method  for  the  deter- 
mination of  sulphates  in  water  colorimetrically  consists  in  adding  to  the 
sample  a  small  amount  of  barium  chromate,  addifying  with  a  few  drops 
of  concentrated  hydrochloric  acid,  bringing  to  a  boil,  cooling,  then  adding 
sodium  hydroxide  solution  (i  :  10)  carefully  until  a  tiny  drop  of  the 
liquid  placed  upon  red  litmus  paper  produces  a  blue  color;  a  greater 
excess  of  alkali  must  be  avoided  as  the  solubility  of  barium  chromate 
varies  greatiy  with  the  degree  of  alkalinity.  After  filtering,  the  color 
is  compared  in  a  colorimeter  with  that  of  a  standard  solution  of  potas- 
sium chromate.  A  correction  must  be  made  for  the  solubility  of  barium 
chromate.  The  SO4  is  equivalent  to  the  Cr04  found.  It  is  a  more  or 
less  tedious  step  in  the  procedure  to  neutralize  the  hydrochloric  acid  to 
just  the  right  point.  It  occurred  to  the  writer  to  modify  the  method 
at  this  point  by  changing  the  acidity  from  hydrochloric  acid  to  acetic 
acid  by  the  addition  of  sodium  acetate.  This  seems  to  give  good  results 
and  is  easily  carried  out. 

The  process  as  modified  is  as  follows:  Measure  into  an  Erlenmeyer 
flask  150  cc.  of  the  sample.  Add  10  drops  of  concentrated  hydrochloric 
acid  and  sprinkle  in  o.i  to  0.2  g.  of  pure  barium  chromate.  Rapidly 
bring  the  contents  of  the  flask  just  to  a  brisk  boil.  Cool  at  once  and  to 
the  cooled  liquid  add  5  g.  of  sodium  acetate.  Filter,  transfer  100  cc. 
of  the  clear  filtrate  to  a  colorimeter  cylinder  and  make  alkalin^  with 
soditun  hydroxide.  The  standard  for  comparison  should  be  made  slightiy 
stronger  than  this  solution  and  should  be  made  up  to  100  cc.  after  adding 
sodium  hydroxide  to  alkaline  reaction.  A  blank  determination  must 
be  made,  using  distilled  water,  to  determine  the  correction  to  apply  for 
the  solubility  of  the  barium  chromate  under  the  conditions  of  the  experi- 
ment. 

It  requires  but  a  moment  to  weigh  out  the  sodium  acetate  (a  close 
approximation  is  suflScient).  This  method  gives  duplicate  results  agree- 
ing perfectiy  within  one's  ability  to  read  the  colors. 

The  following  determinations  were  made  by  the  method  as  described. 

Di£Ferent  amounts  of  potassium  sulphate  were  added  to  separate  por- 
tions of  distilled  water  and  the  SO4  determined. 


a S4  53  5' 

3 loS  105  104 

4 .In  a  water  sample  SOi  <puti  per  mllllan). 

Found  by  author's  method toi  .3 

Found  l^  Modified  Winkler  Uetbod   in  the  hands  of 

another  experimenter loi 

Found  by  precipitation  u  BaSO, 100 

The  correction  applied  for  the  solubility  of  the  baritmi  dircnnate  used, 
under  the  conditions  of  the  experiment,  was  1 1  parts  of  SO,  per  million 
of  water.  Howard  W.  Brubaksr. 


A  New  Apparatus  for  Extrading  Liquids. — Hitherto  all 
the  usual  types  of  apparatus  for  extraction  of  liquids 
have  very  fragile  spirals,  are  difficult  to  clean  and  if  a 
large  quantity  of  liquid  is  to  be  extracted,  the  extraction 
must  be  interrupted  by  changing  the  liquid. 

The  following  apparatus  avoids  these  disadvantages. 
This  apparatus  differs  from  the  usual  Soxhlet  apparatus 
for  extracting  solids  only  by  the  inner  funnel-tube  with 
a  spiral-jacket,  the  inlet  fumiel  and  the  higher  opening  of 
the  siphon. 

The  use  of  the  apparatus  is  as  follows : 

The  apparatus  is  filled  with  the  liquid  up  to  near  the 
siphon.  Then  by  heating  the  flask  filled  with  ether, 
etc.,  the  ether  vaporizes  and  the  vapor  goes  through  the 
vapor-tube  to  the  ccmdenser  as  in  the  ordinary  Soxhlet 
apparatus.  The  condensate  drops  in  the  inner  funnel- 
tube  and  rises  in  small  drops  following  the  thread  of  the 
fmmel-jacket  to  the  surface  of  the  liquid.  In  this  man- 
ner very  good  contact  between  the  ether  and  the  liquid 
to  be  extracted  is  obtained.'  The  ether  accumulates 
above  the  surface  of  the  liquid  until  it  siphons  over 
and  the  operation  continues.  Upon  finishing  the  extrac- 
tion, which  can  be  ascertained  by  testing  a.  small  portion 
of  the  liquid  drawn  off  through  the  cock,  the  liquid  is 
removed  and  a  new  portion  added  through  the  funnel 
without  taking  the  apparatus  apart  or  interrupting  the 
heating. 

The  condenser  is  a  new  return-condenser  with  the 
'  F.  Friedifchs,  "New  Gas-wathing  Bottle,"  Z.  anal.  Cktm.,  so, 
175-176:  C.  A.,  s,  1694  (1911). 
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principle  of  counter-currents.^  The  essential  feature  of  this  condenser 
is  the  spiral  cooling  tube.  The  condensate  between  it  and  the  outside- 
jacket  forms  a  seal,  compelling  the  vapor  to  travel  a  spiral  distance  of  4 
feet  up  through  the  condenser.^  To  avoid  heating  the  incoming  cooling 
water  by  the  outgoing  warm  water  the  outlet  tube  is  insulated  by  an 
air-jacket.  Iliis  jacket  is  enlarged  so  as  to  make  the  cooling  water  also 
take  a  spiral  course  exactly  against  the  vapor. 

This  apparatus  is  manufactured  by  Greiner  &  Friedrichs,  G.  m.  b.  H, 
Sttitzerbach,  Germany.  pRrrz  Fribdrichs. 

Ithaca,  N.  V. 


[Contribution  prom  ths  Chbmical  Laboratory  op  thb  UNivSRSfrvoF  Washinoton.] 
THE  ACTION  OF*  TBTRABROMBTHAIIE  ON  ORGANIC  BASES. 

By  William  M.  Dbrn. 
Received  December  18.  1911. 

Tetrabromethane  (acetylene  tetrabromide)  reacts  with  organic  bases' 
with  the  greatest  ease,  yielding  products  in  accordance  with  the  equations: 

RNH,  -f  C^HjBr,  -^  RNH,.HBr  -f  C^Br, 
R^NH  -h  C,H,Br,  — >  R^NH.HBr  -f  C^IBr, 
R3N      +  CjHjBr,  -^  RjN.HBr     -f  C^Br, 

The  reactions  were  brought  about  in  anhydrous  ether,  the  salts  of  the 
respective  bases  being  precipitated  and  the  tribromethylene  remaining 
in  the  ether  solution.  It  was  easily  observed  that  the  precipitations  of 
the  salts  were  accelerated  by  direct  sunlight.^  Solutions  which  remained 
clear  in  the  dark  were  immediately  precipitated  by  direct  sunlight.  These 
reactions  were  easy  and  quantitative  and  afiford  a  convenient  method 
of  preparation  not  only  of  crystallized  salts  of  the  bases  but  also  tribrom- 
ethylene.' 

In  general  aliphatic  amines  were  more  easily  acted  upon  by  tetrabrom- 
ethane than  the  aromatic  bases;  primary  amines  were  more  easily  acted 
upon  than  the  secondary  and  the  tertiary  amines.  Piperidine  was  almost 
instantaneously  and  quantitatively  precipitated  as  the  hydrobromide 
when  treated  with  tetrabromethane,  hence  it  is  the  most  useful  of  all 
the  bases  to  prepare  tribromethylene  from  tetrabromethane. 

Preparation  of  Tribromethylene. — ^A  solution  of  tetrabromethane  in 
dry  ether  is  treated  with  piperidine  as  long  as  a  precipitate  forms.    The 

>  Ckem,  Z,,  35,  II2S  (1911)* 

•  Z,  angew.  Chem.,  33,  2425-26.     C.  A.,  5,  1347  (191 1). 

'  Blls  and  Neuman  studied  the  effect  of  ammonia,  aniline  and  dimethyl  anilioe 
on  tetrabromethane  in  alcoholic  solution.  They  also  obtained  tribromethylane  as 
the  end-product.     Blls,  Neuman,  /.  pmkt.  Chem.,  [2]  58,  250. 

*  Compare  Dehn  and  Dewey,  This  Journal,  33,  1588. 

'  See  page  287.  Also  compare  Lennox,  Ann.,  12a,  125.  Sabanejeu,  Ann,,  178, 
i2£.    Demote  Biol.,  29,  207.    Dworkowitsch,  Ann.,  ax6,  280. 
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filtered  ether  solution,  if  alkaline  in  reaction,  is  neutralized  with  dilute 
hydrochloric  acid;  the  ether  solution  then  is  dried  with  calciuni  diloride 
and  fractionated.  Tribromethylcne,  boiling  at  163-164®,  is  obtained 
in  nearly  quantitative  yields.  Since  the  piperidine  is  easily  recovered 
from  its  hydrobromide  salt,  the  method  is  inexpensive. 

In  the  following  experiments  nearly  quantitative  yields  of  the  pure 
hydrobromides  of  the  bases  were  obtained.  When  prepared  from  the 
free  bases  by  treatment  with  aqueous  hydrobromic  acid,  many  of  these 
salts  are  more  or  less  colored  and  are  imperfectly  crystallized.  The 
former  of  these  defects  results  from  hydrolysis  and  decomposition  of  the 
salts  in  accordance  with  the  equations: 

RNH,.HBr  — ^  RNH,  +  HBr 
2HBr  — >  H,  +  Br, 
RNHj.HBr  H-  Br,  — >  RNH,.HBr.Br„ 

mixtures  of  the  salts  with  perbromides  of  the  salts  being  formed.  Further* 
more,  imperfectly  crystallized  forms  of  the  salts  are  usually  obtained, 
when  their  aqueous  solutions  are  evaporated,  because  of  the  too  ready 
solubility  of  the  salts  in  water. 

Since  convenient  quantities  of  pure  hydrobromides  were  obtained  in 
the  treatment  of  the  organic  bases  with  tetrabromethane,  their  mercuric 
bromides  and  bromaurates  were  prepared.  These  latter  compounds, 
derivatives  of  convenient  form  to  identify  the  bases,  were  found  in- 
variably to  be  composed  of  one  molecule  of  the  salt  and  one  molecule 
of  the  merc»iric  bromide  or  the  auric  bromide.  The  mercuric  bromides 
were  formed  by  dissolving  equimolecular  quantities  erf  the  respective 
salts  and  mercuric  bromide  in  water  and  concentrating  on  the  water 
bath  tmtil  crystals  began  to  form.  If  the  solutions  tended  to  lose  free 
base  by  hydrolysis  and  volatilization,  a  little  aqueous  hydrobromic  acid 
was  added  before  evaporating;  if  too  much  hydrobromic  acid  was  added, 
oily  precipitates  were  formed. 

The  bromaurates  were  formed  by  adding  to  an  aqueous  solution  of  the 
salts  a  solution  of  the  auric  bromide,  as  long  as  a  precipitate  formed. 
The  precipitates  were  filtered  out  and  recrystallized  from  water. 

The  mechanism  of  the  reaction  of  organic  bases  with  tetrabromethane 
is  very  simple  as  indicated  below: 

C5H10NH :  :BrCHBr  C^H.oNH— CHBr  C^Hi^NH,       CHBr 

I  — ^  11—^  I        -K   II 

HCBr,  Br  HCBr,  Br  CBr, 

Ammonia. — When  an   anhydrous  ether  solution  of  tetrabromethane 

was  treated  with  anhydrous  ammonia,^  a  slow-forming  white  precipitate, 

promoted  by  direct  sunlight,  was  formed.    The  precipitate  was  dried  and 

analyzed.     Calculated  for  NH^Br;  Br:  81.59;  found,  81.59.    The  ether 

*  Ells  and  Neuman,  /.  praki.  Chem,,  [2]  58,  250. 
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solution  yielded  by  distillation  tribromethylene,  therefore,  the  following 
reaction  took  place: 

NH,  +  C^aBr,  —^  NH.Br  -f  C,HBr,. 

Eihylamine. — When  equimolecular  quantities  of  ethylamine  and  tetra- 
bromethane  were  brought  together  in  anhydrous  ether,  an  immediate 
and  voltmiinous  white  precipitate  was  formed;  the  solution  warmed  al- 
most to  the  point  of  boiling.  The  ether  solution  yielded  by  distillation 
an  oil  boiling  between  163-165*^.  Calculated  for  CjHBr,:  Br,  90.55: 
found,  90.66.  The  precipitate  proved  to  be  ethylamine  hydro- 
bromide.*  Calculated  for  CjHjNH^.HBr:  Br,  62.59;  found,  62.72.  Mer* 
curie  bromide,  crystals  easily  soluble  in  alcohol  and  water,  but  insoluble 
m  ether.  Melts  at  91**.  Calculated  for  CjHjNHjrHBr.HgBr,:  Br, 
4955;  found,  49.22. 

Dieihylamine. — ^Equimolecular  quantities  of  the  two  substances  gave  a 
quantitative  yield  of  tribromethylene  and  white  crystalline  dieihylamine 
hydrobromide,  melting  sharply  at  205**.  Calculated  for  (C3H5),NH.HBr: 
Br,  51.88;  found,  51.96.  Bromaurate,  small  red  needles^  quite  soluble 
in  water  and  melting  at  162®.  Calculated  for  (C,H6)2NH.HBr.AuBr3: 
Au,  33.37;  found,  33.25.  Mercuric  bromide,  needles,  melting  at  120**. 
Calculated  for  (C3H5)jNH.HBr.HgBrj:  Br,  46.65;  found,  46.50. 

Trieihylamine, — ^When  equimolecular  quantities  of  the  two  substances 
were  brought  together  in  anhydrous  ether  the  solution  remained  clear 
for  some  time.  Later,  especially  in  direct  sunlight,  flaky  crystals  of  the 
hydrobromide*  separated.  Calculated  for  (CJFl5)3N.HBr:'  Br,  43.84; 
found,  43.63.  Bromaurate,  red  flaky  crystals,  melting  at  140®.  Calcu- 
lated for  (C,H5)jN.HBr.  AuBr, :  Au,  3i.85;found,  32.01.  Mercuric  bromide, 
beautiful  tufts  of  long  white  needles,  melting  at  109*^.  Calculated  for 
(C,H5)jN.HBr.HgBrj:  Br,  44.24;  found,  44.18. 

Dipropylamine, — An  immediate  and  voliuninous  precipitate  was 
formed;  after  two  days,  beautiful  mother-of-pearl  leaflets  of  dipropyl- 
aminehydrobromide,  melting  at  271®,  were  obtained.  Calculated  for 
(C,H7)^H.HBr:  Br,  43.89;  foimd,  43.95.  Bromaurate,  fan-like  clusters 
of  red  needles,  melting  at  119®.  Calculated  for  (C,H7)2NH.HBr.AuBr3: 
Au,  31.86;  found,  31.75.  Mercuric  bromide,  long,  white  needles, 
melting  at  109°.  Calculated  for  (C3H7)jNH.HBr.HgBrj:  Br,  44.24;  found, 
44.21. 

Tripropylamine. — ^The   solution   remained   clear   in   diffused  sunlight 
and  in  direct  sunlight  slowly  precipitated  dipropylaminehydrobromide 

»  This  Journal,  33,  1598. 

•  Garzine  gives  the  melting  point  at  238-240^,  Jahrh.,  1889,  1327.  The  above 
crystals  melted  at  236^.  Since  most  of  the  salts  given  in  this  contribution  melt  with 
decomposition,  the  melting  points  were  determined  by  rapidly  heating  the  substances 
in  sealed  capillary  tubes. 
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small  white  needles,  melting  at  i8o^  Calculated  for  (CsH7),N.HBr: 
Br,  35.66;  found,  35.52.  Bramauraie,  small  prismatic  needles,  difficultly 
soluble  in  water  and  melting  at  149^.  Calculated  for  (C,H7),.N.l£Br. 
AttBr,:  Au,  29.83;  found,  29.^5.  Mercuric  bromide,  white  glistening 
needles,  melting  at  104''.  Calculated  for  (C,H7),N.HBr.HgBr,:  Br, 
41.05;  fotmd,  41.15. 

Isobuiylamine. — ^The  solution  remained  dear  at  first  but  after  a  few 
hours  a  heavy  oily  precipitate,  which  finally  became  solid,  was  obtained. 
hobvt^minehydrobromidef  small  white  flakes,  melting  at  138^.  Calctdated 
for  C^HjNHj.HBr:  Br,  51.82;  found,  51.68.  Bromaurate,  needles,  easily 
soluble  m  water  and  melting  at  154^.  Calculated  for  C^H^NH^.HBr. 
AuBr,:  Au,  33.36;  found,  33.41.  Mercuric  bromide,  long  transparent 
rectangular  plates,  melting  at  164^.  Calculated  for  C^H^NH^-HBr. 
HgBr,:  Br,  46.63;  foimd,  46.73. 

Diisobutylamine. — Precipitates  slowly  in  direct  sunlight  the  hydro- 
hromide,  pearly  flakes,  mdting  at  313**.  Calculated  for  (C4H,),NH.HBr: 
Br,  38.04;  found,  37.96.  Bromaurate,  rectangular  plates,  mdting  at 
245°.  Calculated  for  (C4H,),NH.HBr.AuBrg:  Au,  30.48;  found,  30.35. 
Mercuric  bromide,  pearly  white  flakes,  melting  at  60^.  Calculated  for 
(C<H,),NH.HBr.HgBr,:  Br,  42.06;  found,  41.87. 

Amylamine, — ^An  immediate  precipitation  of  the  hydrobromide,  mother- 
of-pearl  scales,  mdting  at  243°.  Calculated  for  CjHuNHj.HBr:  Br, 
47-55  J  found,  47.43.  Bromaurate,  needles,  very  soluble  in  water  and 
melting  at  105°.  Calculated  for  CjHjiNHj.HBr.AuBrj:  Au,  32.59;  found, 
32.40.  Mercuric  bromide,  a  feathery  mass  of  glistening  white  plates,  mdt- 
ing at  213®.     Calculated  for  ^CjHi^NHj.HBr.HgBr,:  Br,   45.42;  found, 

45.19- 

Diisoamylamine. — Beautiful  mother-of-pearl  leaflets  of  the  hydrobrom- 
ide, mdting  about  315^  Calculated  for  (CjHjJjNH.HBr:  Br,  33.56; 
found,  33.67.  Bromaurate,  long  feathery  needles,  mdting  at  220®.  Cal- 
culated for  (C5H,i),NH.HBr. AuBr, :  Au,  29.21;  found,  29.16.  Mercuric 
bromide,  transparent  leaflets,  melting  at  97®.  Calculated  for  (QHiJ^NH. 
HBr.HgBr,:  Br,  40.10;  found,  40.19. 

Allylamine. — An  immediate  though  not  heavy  precipitate;  a  liquid 
at  first,  then  a  solid.  The  hydrobromide,  hygroscopic  needles  mdting 
at  91®.  Calculated  for  CjHjNH^.HBr:  Br,  57.97;  found,  57.74.  Mercuric 
bromide,  white  flakes,  melting  at  115®.  Calculated  for  CjHjNHj.HBr. 
HgBrj!  Br,  48.16;  fotmd,  48.01. 

Benzylamine. — Clear  at  first,  then  pearly  leaflets  of  the  hydrobromide.^ 
Mercuric  bromide,  transparent  rhombic  plates  of  a  soapy  feel  and  mdting 
at  211°.      Calculated  for  C7H7NH3.HBr.HgBrj:  Br,  42.51;  found,  42.65. 

'  Biscboif,  Bet.,  30,  3170. 
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Dihenzylamine. — Mother-of-pearl  leaflets  of  the  hydrobromide.^  Brom" 
aurate,  orange  powder,  insoluble  in  water  and  melting  at  165°.  Cal- 
culated for  (C7H7)3NH.HBr.AuBr3:  Au,  27.58;  found,  27.41.  Mercuric 
bromide,  pearly  white  flakes,  melting  at  145^.  Calculated  for  (C7Hj)2NH. 
HBr.HgBr,:  Br,  37.58;  found,  37.41. 

Pyridine. — Clear  at  first;  opaque  in  direct  sunlight.  The  precipitate 
consisted  of  red-yellow  crystals  and  a  dark  colored  oil.  Crystals,  soluble 
in  water,  melting^  at  2 12  ^  and  forming  a  bromaurate,'  proved  the  presence 
of  the  hydrobromide.  Mercuric  bromide,  rectangular  plates  and  prisms, 
melting  at  152®.  Calculated  for  CjHjN.HBr.HgBrj!  Br,  46.12;  found, 
46.17. 

Picoline. — At  first  a  clear  solution,  then  a  dark  colored  oil,  finally  a 
solid,  proving  to  be  the  hydrobromide.*  Mercuric  bromide,  coarse  white 
needles,  melting  at  SS''.  Calculated  for  CeH7N.HBr.HgBr,:  Br,  44.91; 
foimd,  44.89. 

Piperidine.^ — An  immediate  and  voluminous  precipitate  of  the  hydro- 
bromide.  •  Mercuric  bromide,  transparent  hexagonal  plates  or  long  needles, 
melting  at  143°.     Calculated  for  CsHnN.HBr.HgBr,:  Br,  45.68;  found, 

45.71- 

Phenylhydrazine. — Glistening  white  rhombic  plates  or  needles,  melting 

at  188^,  the  hydrobromide,^  (CeH6N,H3),.HBr. 

The  action  of  tetrachlorethane,  tetraiodoethylene,  chloropicrin,  bromo- 

picrin,    tribromophenol,    perchlorobenzene,    iodoform    and    other    poly- 

halogenated  compounds  on  organic  bases  is  being  investigated. 

Sbattlb.  Wash. 
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It  was  previously  shown  that  carbontetrabromide^  and  diiodoacetylene* 
react  with  organic  bases  in  ether  solution  to  form  **carbontetrabromides 
of  crystallization"  and  "diiodoacetylenes  of  crystallization,"  respectively. 
It  is  shown  herein  that  tetraiodoethylene  unites  with  organic  bases  in 
a  similar  manner,  yielding  teiraiodoethylenes  of.  crystallization.     Usually 

*  Limpricht,  Ann,,  144,  313. 

*  Trowbridge,  This  Journal,  21,  67.     Dehn  and  Dewey,  Ibid,,  33,  1596. 
'  Ibid.,  33,  1596. 

*  Murriil,  This  Journal,  21,  842;  Phil.  Mag.,  [5]  2,  271. 

*  See  page  286. 

*  BischofF,  Ber.,  31,  2841.    Fock,  Ibid.,  32,  1409.  1 

'  Ibid.,  33i  1597- 

*  This  Journal,  33,  1588. 

*  Ibid.,  33,  1598. 
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one  molecule  of  the  base  unites  with  one  or  two  molecules  of  tetraiodo- 
ethylene  to  form  the  molecular  compound. 

Though  the  bases  unite  with  one  or  two  molecules  of  tetraiodoethylene, 
the  resulting  ^'molecular  compounds"  cannot  be  considered  ^'loosely 
combined  compounds/'  or  compounds  closely  related  to  hydrated  salts. 
This  conclusion  is  reached  first  for  the  reason  that  here,  as  with  the  car- 
boDtetrabromides  and  the  diiodoacetylenes,  sunlight  is  usually  necessary 
to  promote  the  reactions,  when  the  substances  are  brought  together  in 
anhydrous  ether.  Secondly,  the  molecular  compounds,  when  decomposed 
by  water,  do  not  smoothly  yield  the  original  compounds.  For  instance, 
with  the  diethylamine  compound  and  water,  though  the  main  reaction 
is  in  accordance  with  the  equation, 

(C^,),NH.C,I,  ->  (C,H.),NH  -h  C,I,.  (i) 

the  compound  also  dissociates  largely  in  the  following  complicated  manner : 
3(C^,),NH.C,I,  +  3H,0  — >  3(C,H0,NH.HI  -f  3CJ,  +  2HI  +  HIO,.  (2) 

Though  the  normal  course  of  reaction  of  the  organic  bases  on  tetra- 
iodoethylene  is  as  indicated  above,  secondary  reactions  give  rise  to  deep- 
colored  solutions  possessing  the  odor  of  diiodoacetylene.  These  facts 
are  accotmted  for  by  the  following  equations, 

3Et^H  +  2C,I,  — ►  2Et,NH.HI  -I-  2C,I,    +  Et,NH.I„      (3) 

3Et^H  -h  3C,I,— ►Et^NH.HI  •+  Et^H.I,  -f  Et^NH.HI.I,  +  3C,I„  (4) 

periodides  being  formed  and  giving  rise  to  the  deep-colored  solutions. 
For  this  and  the  following  described  reasons  the  mass  of  crystals  pre- 
cipitated from  the  ether  solution  is  usually  a  mixture  of  two  or  more 
substances.  For  instance,  with  diethylamine,  there  may  be  present 
m  the  mass  Et,NH.HI,  Et,NH.C,I„  Et,NH(Cyj„  Et,N(C,I,)(C,I,), 
Cjl^,  the  periodides  indicated  above,  C,!,  and  its  derivatives  with  organic 
bases.*  The  mixtures  thus  formed  often  presented  great  diflSculties  in 
separation.  The  periodides,  tetraiodoethylene  and  diiodoacetylene  are 
soluble  in  ether;  the  two  types  of  compounds  of  the  base  with  tetraiodo- 
acetylene  are  insoluble  in  ether  but  soluble  in  chloroform ;  the  salts  of  the 
base  are  insoluble  in  ether  and  chloroform  but  are  soluble  in  alcohol 
or  water;  the  compounds  represented  by  the  type  Et2NH.(Cjl4)(Cj2) 
are  usually  insoluble  in  these  organic  solvents  and  with  water  yield  tetra- 
iodoethylene and  diiodoacetylene. 

The  crystals,  therefore,  are  washed  with  ether  and  extracted  first  with 
chloroform,  to  separate  the  tetraiodoacetylenes  of  the  bases;  then  with 
absolute  alcohol  to  remove  the  hydroiodides ;  the  residue  is  usually  a 
compound  of  the  type  Et^NH-CCjIJCC^Ij). 

The  tetraiodoethylene  used  in  these  experiments  was  prepared  from 

*  This  Journal,  33,  1598. 
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diiodoacetylene'  by  treatment  in  petroleum  ether  with  iodine  in  slight 
excess.'  The  tetraiodoethylene  precipitated  as  golden  scales  and  after 
filtering  and  drying  was  dissolved  in  anhydrous  ether.  A  saturated  solu- 
tion of  tetraiodoethylene  in  anhydrous  ether  at  19^  contains  47  g.  to  the 
liter.  Such  an  ether  solution  was  used  as  the  basis  for  the  calculation 
of  the  quantities  used. 

The  mercuric  iodides  were  prepared  by  adding  to  the  aqueous  solutions 
of  the  hydroiodides  an  excess  of  mercuric  iodide  and  heating  to  boiling. 
The  solutions  were  filtered  and  permitted  to  stand  or  spontaneously 
evaporate  until  crystals  of  the  double  compound  separated. 

The  melting  points  were  made  by  rapidly  heating  the  substances  in 
sealed  capillary  tubes. 

EihylanUne, — When  equimolecular  quantities  of  ethylamine  and  tetra- 
iodoethylene were  mixed  in  anhydrous  ether,  small  glistening  light  yellow 
crystals  were  formed  very  slowly  in  diffused  stmlight  and  very  rapidly 
in  direct  sunlight.  The  crystalline  mass  proved  to  be  a  mixture  of  two 
substances:  The  first,  easily  soluble  in  chloroform  and  crystallizing 
in  long,  white  needles,  shrinks  at  122^  and  melts  at  133^.  Calculated 
for  C^H^NH^CC^IJ,:  I,  91.60;  found,  91.96.  The  other,  insoluble  in 
chloroform  and  absolute  alcohol  and  crystallizing  in  transparent  rec- 
tangular leaflets,  melts  at  155®.  Calculated  for  C,HbNH,C,I4:  I,  88.03; 
found,  87.87.  Evidently  the  latter  is*  ethylaminetetraiodoethylene;  the 
former,  ethytafiUne-dp-ieiraiodoethylene.  These  two  substances  in  moist  air 
give  off  the  odor  of  diiodoacetylene  and  with  water  yield  a  precipitate  of 
tetraiodoethylene  and  an  aqueous  solution  of  ethylaminehydroiodide, 
mother-of-pearl  leaflets,  easily  soluble  in  alcohol,  insoluble  in  ether  and 
melting  at  167°.  Calculated  for  CjHjNHj.HI:  I,  73.36;  found,  73.61. 
Mercuric  iodide^  coarse  glistening  light  yellow  prismatic  needles,  melting 
at  136**.     Calculated  for  C^^NHj.HI.Hgl:  I,  60.74;  found,  60.65. 

Diethylamine, — When  equimolecular  quantities  of  diethylamine  and 
tetraiodoethylene  were  brought  together  in  ether  solution,  a  slow-forming, 
buff-colored  precipitate  was  obtained.  Sunlight  greatly  promoted  the 
reaction.  After  four  or  five  days  the  substance  was  separated  and  washed 
by  decantation  and  recrystallized  from  chloroform.  Beautiful,  transparent, 
rectangular  tablets,  darkening  at  146°  and  melting  at  158®,  were 
obtained.  Calculated  for  (CjH5),NH.C,l4: 1,  83.94;  found,  83.50.  .With 
water  diethylamineteiraiodoethylene  3delds  a  variety  of  products, 
as  shown  in  equations  (i)  and  (2)  above.  When  1.4  g.  were  subjected 
to  steam  distillation  for  two  hours,  a  residue  of  0.88  g.  or  63%  of  tetra- 
iodoethylene was  obtained.     This  indicates  that  reaction  (i)  is  the  more 

*  This  Journal,  33,  1598. 

'  Homolka  and  Stolz,  Ber.,  18,  2283.  Moissan,  Bull,  soc.  chim.^  [3]  7,  746.   Biltz, 
Ber.f  30,  1204;  29,  141 1. 
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abundant.  The  distillate  contaiiied  0.12  g.  of  diiodoacetylene;  the  aque- 
ous solution,  about  o.  10  g.  of  iodic  acid  and  0.40  g.  of  diethylaminehydto* 
MUde,  plates  or  needles,  easily  soluble  in  chloroform  and  melting,  not 
sharply,  at  165^  Calculated  for  (CJtl^)^}I.in:  I,  63.13;  found,  63.09. 
Mercuric  iodide,  long  transparent  needles  melting  at  115^.  Calculated 
for(C^,)^NH.HI.HgI:  I,  57.14;  found,  58.02. 

Tfiefkylamine. — ^The  substances  reacted  slowly  in  the  dark  and  quickly 
in  direct  sunlight.  The  solid  product  3rielded  by  recrystallization  from 
chloroform  or  glacial  acetic  acid  transparent  prismatic  needles  which 
darken  at  120^  and  melt  not  sharply  at  132^. 

Calculated  for  (C,Hft),N(C,l4),:  C,  10.31;  H,  1.29;  N,  1.20;  I,  S7.1S. 
Found:  C,  10.70;  H,  1.56;  N,  z.44;  I,  S7.29. 

Tnethylamine'dirieifaiodoeAylene  is  decomposed  by  water  3rielding  tetra- 
iodoethylene  and  iriethylanUnehydfaiodide,  short  prismatic  needles  shrink- 
ing at  150^  and  melting  with  decomposition  at  173^.  Calculated  for 
(C,H|),N.HI:  I,  55.41 ;  found,  55.25.  Mercuric  iodide,  light  yellow  flakes, 
melting  at  84^.    Calculated  for  (C,H|),N.HI.HgI,:  I,  55.75;  found,  55.61. 

Isopropylamine. — The  mixture  yielded  in  direct  stmlight  a  mass  of  crys- 
tals that  clung  to  the  glass  with  great  tenacity.  After  recrystallizing 
from  chloroform,  short  transparent  prisms  were  obtained.  They  became 
opaque  in  moist  air,  and  melted  sharply  at  160°. 

Calculated  for  C^H^NHjCCjI^XCjIJ:  I,  87.67;  found,  87.48,  87.70. 
When  distilled  with  steam,  diiodoacetylene  was  carried  over,  a  precipi- 
tate of  tetraiodoethylene  and  an  alkaline  solution  of  isopropylamine- 
hydroiodide^  were  obtained. 

Dipropylamine. — ^An  immediate  white  precipitate  was  obtained  in  di- 
rect sunlight.  After  a  number  of  days  the  somewhat  yellowish  pre- 
cipitate was  separated  and  recrystallized  from  chloroform.  Glistening 
white  prismatic  needles  or  flakes,  softening  at  116^  and  melting  at  130^, 
were  obtained. 

Calculated  for  (C^,),NH(Csl4},:  C,  10.31;  H,  1.29;  I,  87.19. 
Found:  C,  10.36;  H,  1.55;  I,  86.88. 

With  water,  dipropytamine-di'tetfaiodoeihylene  yifXAs  iodic  acid,  di- 
iodoacetylene, tetraiodoethylene  and  dipropylamlnehydroiodide,  pearly 
white  flakes,  easily  soluble  in  alcohol,  insoluble  in  ether,  softening  at 
220^  and  melting  with  decomposition  at  229°.  Calculated  for  (C,H7)2NH. 
HI:  I,  55.41;  found,  55.12.  Mercuric  iodide,  colorless  leaflets,  melting 
at  81^.     Calculated  for  (C3H7)3NH.HI.HgIj:  I,  55.75;  found,  55.63. 

Diisoamylamine. — Flakes  formed  almost  immediately  in  direct  sunlight. 

After  recrystallizing  from  chloroform,  needles  or  plates,  darkening  at 

137^  and  melting  at  150^  were  obtained. 

Calculated  for  (C|Pi,)^H.C^4:  C,  20.90;  H,  3.37;  N,  2.15. 
Found:  C,  20.85;  H,  3.45;  N,  2.03. 

^  Malbot,  BuU.  soc.  ckim.,  [3]  4,  69. 
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With  water  diisaamylaminetelraiodoeihylene  forms  diisoamylamixiehydro* 
iodide.'  Mercuric  iodide,  colorless  rhombic  or  six-sided  plates  or  light 
yellow  flakes,  melting  at  iio^.  Calculated  for  (CHiJ^NH.HI.Hglj:!, 
51.52;  found,  50.89. 

Benzylamine. — A  slow-forming  precipitate,  accelerated  by  direct  sun- 
light, was  obtained;  after  recrystallizing  from  diloroform,  long  silky 
needles  melting  at  115^.  Calculated  for  CJHjCHjNHj.C,!^:  I,  79.47; 
found,  79.4S.  Boiled  with  water,  benzylaminetetraiodoethylene  yielded 
benzylanUnehydroiodide,  pearly  flakes  darkening  at  150^  and  melting 
at  162°.  Calculated  for  CaHjCHjjNHj.HI :  I,  54.00;  found,  55.96.  Mer- 
curic iodide,  small  light  yellow,  glistening  needles  or  prisms,  melting  at 
134°.     Calculated    for    CeHjCHjNHj.HI.Hglj:    I,    55.28;    found,    55.35. 

ithPhenylethylamine. — In  direct  sunlight  transparent  prisms  were  slowly 
precipitated;  they  melted  not  sharply  at  160*'.  The  crystalline  mass 
was  extracted  first  with  chloroform,  then  with  absolute  alcohol  and  jrielded 
a  crystalline  residue  melting  with  decomposition  at  138®.  Calculated 
for  CeHj.CjH^NHjCCjIJCCjIj) :  I,  81.83;  found,  82.14.  The  portion  soluble 
in  alcohol  yielded  by  concentrating,  tetraiodoethylene,  and  by  treating 
with  ether,  pearly  flakes  of  (a-phenylethylaminehydroiodide  darkening 
at  245®  and  melting  at  267 ^  Calculated  for  C,H,NHj.HI:  I,  50.97; 
found,  50.91.  Mercuric  iodide,  small  yellow  compact  six-sided  prismatic 
needles,  softening  at  120*'  and  melting  at  131^.'  Calculated  for  C,HgNH,. 
HI.Hglj:  I,  54.17;  found,  54.02. 

Piperidine. — In  diffused  sunlight  only  a  few  crystals  formed  in  five 
days;  in  direct  stmlight,  an  immediate  and  voluminous  precipitate  was 
obtained.  A  number  of  careful  analyses  were  made  of  this  oystalline 
mass : 

Calculated  for  CftH„N.Hr:       C,  28.17;  H,  5.68;  N,  6.59;  I,  59.59. 

Calculated  for  C^HijC,!^:         C,  13.63;  H,  1.80;  N,  2.27;  1,82.27. 

Calculated  for  C5H,iN(CjIJ,:  C,  9.40;  H,  0.96;  N,  1.22;  I,  8841. 

Found:  C,  15.57,  15.58;  H,  3.49,  3.30;  N.  2.58,  2.84;  I,  77.83. 

Evidently  the  crystalline  mass  was  a  mixture  of  piperidine  hydroiodide 
with  the  mono-  or  the  di-tetraiodoethylene  of  piperidine.  After  re- 
crystallization  from  chloroform  alone  or  from  chloroform  by  addition 
of  anhydrous  ether,  white  needles  melting  at  147**  were  obtained.  Cal- 
culated for  CsHjiNCCjIJ,:  I,  88.41;  found,  88.02.  When  treated  with 
water  and  distilled,  this  piperidine-di-tetraiodoethylene  yielded  an  alkaline 
distillate  and  piperidinehydroiodide,  white  needles  softening  at  172°. 
Calculated  for  CsHjiN.HI:  I,  59.59;  found,  59.51.  Mercuric  iodide, 
small  glistening  white  or  light  yellow  needles,  melting  at  104*'.  Cal- 
culated for  CjHuN.HI.Hglj*.  I,  57.09;  foimd,  56.56. 

Quinoline. — A  dark  granular  precipitate  was  formed  very  slowly  in 
*  Malbot,  Ann.  chim  phys.,  [6]  13,  504. 
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direct  sunlight.  The  ciystalline  mass  gave,  by  recrystallization  from 
chloroform  or  from  absolute  alcohol,  needles  melting  at  132^. 
Calculated  for  CjHyN.C,!/.  I,  76.84;  found,  76.79.  With  water 
quinolinetetraiodoeihylene  yields  tetraiodoethylene  and  quinolinehydro- 
iodide.' 

Other  Bases, — Pyridine  gave  a  slow-forming,  dark-colored  precipitate 
difficultly  soluble  in  chloroform;  triphenylphosphine,  a*  white  granular- 
sticky  precipitate  melting  at  115^;  triethylstibine,  white  crystals;  para- 
phenylenediamine,  a  blue-black  precipitate;  collidine,  an  immediate 
precipitate;  picoline,  coarse  dark  crystals.  The  following  substances 
gave  no  recognizable  reaction-products:  PCI3,  AsCl,,  SbCI,,  Asl„  CHgAsH,. 

Acetamide. — Golden  rhombic  flakes,  melting  at  175^.  Calculated  for 
CH,C0NII,.Csl4: 1,  85.94;  found  85.63.  This  and  otner  products  formed 
by  the  action  of  tetraiodoethylene  on  organic  bases  will  be  investigated. 

Sbattlb,  Wash. 


[Contribution  prom  thb  Chsmical  LABORitTORY  of  ths  Univbrsity  of  Michigan.] 
THE  FORMATIOK  OF  METATHIAZINBS  FROM  THIOUREA.' 

By  William  J.  Hals  amd  Raavsy  C.  Brill. 
Received  January  22,  1912. 

In  a  recent  publication'  the  condensation  of  urea  with  nitromalonic 
aldehyde  was  shown  to  give  a  nitrohydroxypyrimidine  as  a  final  product. 
A  comparison  of  this  reaction  with  condensations  where  an  amino-imino 
grouping  about  a  central  carbon  atom  could  be  brought  into  reaction 
with  this  same  aldehyde  led  to  the  conclusion  that  this  latter  grouping 
Mras  far  more  reactive  in  the  formation  of  p3aimidines  than  the  j9-diamino 
grouping  in  urea. 

When  thiourea  is  substituted  for  urea  in  this  connection,  we  naturally 
were  led  to  expect  a  pyrimidine  containing  a  mercapto  group  as  a  sub- 
stituent  in  place  of  the  hydroxyl  group  of  that  product  obtained  from  urea. 
The  condensation,  however,  has  been  found  to  proceed  in  a  totally  dif- 
ferent maimer.  / 

It  is  well  known  that  thiourea  may  exist  in  two  isomeric  forms,  the 
normal  and  the  pseudo.  Granting  that* the  presence  of  the  two  amino 
groups  in  the  normal  form  (S  :  C  :  (NH,),)  does  not  offer  the  favorable 
configuration  which  the  amino-imino  grouping  of  the  pseudo  form 
(HS.C(:NH)NH2)  has  been  found  to  give  for  pyrimidine  formation,  it 
would  follow  that  we  should  have  from  this  pseudo  form  a  direct  and 

'  Trowbridge,  This  Journal,  21,  67. 

'  The  work  described  in  this  article  formed  part  of  a  thesis  presented  to  the  Faculty 
of  the  Department  of  Literature,  Science  and  the  Arts  of  the  University  of  Michigan 
for  the  degree  of  Doctor  of  Philosophy,  by  Harvey  C.  Brill. 

*  This  Journal,  34,  82  (191 2). 
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simple  condensation  with  nitromalonic  aldehyde  to  give  a  nitromercapto- 
pyrimidine.    The  reaction  may  be  indicated  as  follows: 

NH        ^C  N C^ 

II  I    vH  II         II 

HS— C      +     C<  — ►  HS— C        C— NO, 

I  I^NO,  I  I 

NH,      ^C  N-— C 

"  H  H 

This  type  of  compound,  however,  is  not  produced,  but  in  its  stead  a 
compound  containing  the  sulfur  atom  in  the  ring.  In  other  words  when 
the  amino  group  of  pseudothiourea  has  condensed  with  one  aldehyde 
group  of  nitromalonic  aldehyde  the  second  aldehyde  group,  in  hydrated 
form,  enters  preferably  into  reaction  with  the  mercapto  group  of  the 
thiourea  rather  than  with  the  imino  group.  This  latter  group  was  indeed 
found  most  reactive  toward  the  formation  of  pyrimidines  from  amidines. 
And  in  this  case,  as  one  may  expect,  we  have  a  condensation  which  runs 
just  as  readily  and  with  good  yield. 

The  compound  obtained  is  in  structure  a  six-membered  ring  containing 
one  nitrogen  atom  meta  to  a  sulfur,  namely,  a  metathiazine.  The  inter- 
mediate product  has  been  shown  to  be  a  monothioureide  of  nitromalonic 
aldehyde  (I)  as  indicated  below: 

NH  ^C^  NH  '^^ 

II  I  yH  II  I     .H 

HS-C       -f         C<  — ►  HS— C  C< 

I  I^NO.  I  I^NO. 

NH,       0=C„  N  — —  CH 

"  I. 

H  ^ 

HN       SH      ^C— OH 

Y      k/^ 

I  I  ^NO, 

N C„ 

When  thiourea  and  nitromalonic  aldehyde  are  brought  together  in 
aqueous  solution  in  the  presence  of  a  very  small  quantity  of  sodium  hy- 
droxide or  diethylamine,  the  condensation  proceeds  only  to  the  formation 
of  the  monothiotu-eide,  a  yello^  semi-crystalline  substance  removed  by 
acidification  of  the  reaction  mixture.  When  piperidine  is  employed  as 
the  condensing  agent  the  reaction  proceeds  further  with  the  production 
of  a  large  quantity  of  metathiazine,  which  comes  out  in  a  mass  of  yellow 
needles.  The  mother  liquor,  however,  from  these  crystals  still  retains 
a  small  quantity  of  the  thioureide,  which  can  be  removed  as  before  stated 
by  acidification.  Condensation  in  presence  of  acids  gives  no  well  defined 
product,  owing  to  the  decomposition  which  nitromalonic  aldehyde  is 
prone  to  undergo. 
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The  monothioureide  of  nitromalonic  aldehyde  is  shown  to  have  but 
one  aldehyde  group,  since  with  phenylhydrazine  it  gave  a  monophenyl- 
hydrazone.  When  the  monothiourdde  is  suspended  in  alcohol  and 
piperidsne  added,  the  substance  slowly  dissolves  and  undergoes  a  trans* 
formation  into  the  metathiazine  which  precipitates  immediately.  There 
remains  no  doubt  as  to  the  structure  of  the  monothioureide  and  its  inter- 
mediate position  in  the  formation  of  the  metathiazine  (II). 

The  quantity  of  piperidine  here  employed  as  a  condensing  agent 
has  considerable  to  do  with  the  yield  of  metathiazine.  There  is  no  com- 
bination, however,  between  piperidine  and  the  final  product.  The  meta- 
thiazine is  not  soluble  in  alkali.  On  continued  heating  with  sodium 
hydroxide  solution  decomposition  slowly  takes  place  and  the  presence 
of  nitromalonic  aldehyde  may  be  detected  in  certain  cases.  Upon  warm- 
mg  this  metathiazine  with  a  basic  lead  acetate  solution,  or  with  mercuric 
oxide,  no  desulfurization  was  accomplished,  thus  showing  the  stability 
of  the  compound  and  the  ring  {>osition  of  the  sulfur. 

When  the  monothioureide  was  subjected  to  treatment  with  basic  lead 
acetate  solution  or  mercuric  oxide,  desulfurization  ensued  immediately 
as  may  well  be  expected.  The  presence  of  the  fretf  imino  group  in  this 
monothioureide  was  quaUtatively  shown  by  the  reaction  with  benzene 
sulfochloride  (Hinsberg's  test)  which  gave  the  characteristic  oily  mass. 

The  presence  of  the  imino  group  as  a  substituent  in  the  metathiazine 
compound  was  also  shown  by  the  formation  of  a  characteristic  oily  sub- 
stance upon  the  addition  of  benzene  sulfochloride.  By  action  of  acetic 
anhydride  only  a  mono  acetyl  derivative  of  this  metathiazine  could  be 
obtained.  This  at  once  proves  the  presence  of  only  one  replaceable 
hydrogen  atom,  basic  in  nature,  and  confirms  also  the  structure  already 
as^gned.  The  compound  formed  is,  therefore,  a  jS-nitro-ju-acetylimino- 
metathiazine  (III): 


I 

CH,.CO.N  :  C        C— NO, 

I  I 

N— C, 
III. 


H 


The  structure  of  the  monothioureide  is  further  substantiated  by  the 
fact  that  a  sulfoether  is  readily  prepared  from  it  by  the  action  of  dimethyl 
sulfate.  A  number  of  salts  were  also  prepared.  The  potassium  salt 
indicates  three  replaceable  hydrogen  atoms  per  molecule  of  monothio- 
ureide. 

Thiourea  has  thus  been  found  to  condense  in  its  pseudo  form  with  a 
i^-dialdehyde.  Similar  condensations,  in  which  pseudomethyl-  and  pseudo- 
ethyl-thiourea  were  employed,  have  been  investigated  by  Wheeler  and 
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« 

Merriam.*  The  first  step  in  the  condensation  with  thiourea  led  to  a 
monothioureide,  also  shown  to  exist  in  its  pseudo  form.  Consequently 
we  may  conclude  that  the  presence  of  the  imino  group  in  this  intermediate 
product  is  indicative  of  the  manner  in  which  these  condensations  must 
run — ^namely,  first,  by  condensation  between  aldehyde  and  amino  group, 
and  second,  in  formation  of  ring,  by  loss  of  water  between  the  mercapto 
and  one  hydroxyl  group  of  the  hydrated  aldehyde. 

Experimental  Part. 

Monothioureide  of  NUromalonic  Aldehyde,  C^HgOgNjS. — Equimolecular 
quantities  of  sodium  nitromalonic  aldehyde  and  thiourea  were  brought 
together  in  aqueous  solution  and  a  few  drops  of  diethylamine  added. 
The  solution  (which  should  be  somewhat  concentrated)  soon  acquired 
a  deep  red  color.  After  24  hours  the  reaction-mixturt  was  just  acidified 
with  dilute  sulfuric  acid  and  the  yellow  flocculent  precipitate  filtered  off. 
This  same  product  may  be  obtained  when  sodium  hydroxide  is  used  as 
the  condensing  agent  but  in  poorer  yields.  The  yield  in  the  case  just 
described  is  very  good.  Quantitative  results  are  precluded  by  reason 
of  decomposition  products  and  then  again  by  the  solubility  of  the  thio- 
ureide  in  slightly  acid  solutions.  The  purification  of  this  monothio- 
ureide is  accomplished  by  crystallization  from  glacial  acetic  acid.  When 
carefully  carried  out  the  product  separates  in  beaatiful  glistening  yellow 
leaflets  melting  at  206-7®  (cor.).  It  is  soluble  in  acetic  acid;  slightly 
soluble  in  alcohol,  acetone  or  acetic  ester;  insoluble  in  water,  benzene, 
carbon  disulfide,  ether  or  ligroin.  Its  alkaline  solution  is  readily  desul- 
furized  by  gentle  warming  with  either  lead  acetate  or  mercuric  oxide. 
0.1400  gram  substance;  0.1420  gram  CO,;  0.0441  gram  H2O.  0.0776  gram. sub- 
stance; 17.22  cc.  moist  N  (23°  and  740mm.).  0.31 12  gram  substance;  0.4094  gram 
BaSO^. 

Calculated  for  C^HjOjNjS:  C,  27.42;  H,  2.88;  N,  24.01;  S,  18.31. 
Found:  C,  27.67;  11,3.52;   N,  24.22;  S,  18.06. 

The  sulfur  in  this  compound  was  determined  by  the  sodium  peroxide 
method. 

Potassium  Salt  of  Monothioureide  of  Nitromalonic  Aldehyde ^  C^HjO,- 
NgSKj. — ^This  salt  was  prepared  by  adding  to  an  aqueous  suspension  of 
thioureide  just  sufficient  potassium  hydroxide  solution  (1:5)  for  complete 
neutralization.  From  the  deep  red  solution  thus  formed  the  long,  flat, 
reddish  brown  crystals  of  the  potassium  salt  separated  upon  spontaneous 
evaporation.     The  air-dried  salt  contains  no  water  of  crystallization. 

0.3090  gram  dried  salt;  0.2815  gram  K^O^.   Calculated  for  C^HjOjNjSKg:  K,  40.63: 
found,  40.89. 

This  would  indicate  that  not  only  tlie  mercapto  and  the  isonitroso  groups 
but  also  the  imino  group  suffered  a  replacement  of  hydrogen  for  potas- 
*  Ant.  Chem.  /.,  39,  478  (1903). 


THE   FORMATION  OF   MBTATHIAZINES  FROM  THIOUREA.  299 

Slum.  A  lead  salt  of  this  monothioureide  was  also  prepared  by  careful 
action  of  lead  acetate  upon  a  solution  of  the  potassuim  salt.  Its  analysis, 
however,  was  vitiated  owing  to  the  great  ease  with  which  lead  sulfide 
split  off  from  the  molecule. 

Methyl  Efher  of  Monothioureide  of  NUromalonic  Aldehyde,  Cfifi^- 
N,.SCH,. — ^The  action  of  methyl  iodide  upon  the  sodium  or  potassium 
salt  of  the  monoureide  suspended  in  alcohol  met  with  little  success,  as 
only  a  vdy  small  yield  of  ether  could  be  obtained.  When,  however,  an 
aqueous  solution  of  the  potassium  salt  is  shaken  with  dimethylsulfate, 
the  methyl  ether  of  the  monothioureide  is  thrown  out  from  the  com- 
paratively cold  solution  in  a  few  minutes.  The  formation  of  this  floc- 
culent  precipitate  of  the  methyl  ether  is  accompanied  also  by  the  dis- 
agreeable mercaptan  odor.  It  is  purified  by  crystallization  from  ether, 
from  which  it  separates  in  yellow  plate-like  crystals  m.  78-9°  (cor.). 
It  is  soluble  in  benzene,  ether  or  alcohol,  bat  insoluble  in  water.  It  is 
fairly  stable,  melting  and  remelting  at  78®. 

0.0648  gram  substance;  14.05  cc.  moist  nitrogen  (24^  and  720  nun.)-    Calculated 
for  C^yO^gS:  N,  22 . 2 1 ;  found,  22 .  50. 

This  methyl  ether  is  not  desulfurized  by  action  of  basic  lead  acetate 
solution. 

When  the  monothioureide  and  phenylhydrazine  acetate  are  brought 
together  in  alcoholic  solution  the  monophenylhydrazone  of  this  mono- 
thioureide is  formed.  The  product  may  be  removed  by  the  addition  of 
water  to  the  deep  red  alcoholic  solution,  but  owing  to  its  noncrystalline 
diaracter  complete  purification  was  not  efiFected. 

^'NUroiminomeiathiazine,  C^HjOjNjS. — Equimolecular  quantities  of 
thiourea  and  sodium  nitromalonic  aldehyde  were  brought  together  in 
somewhat  concentrated  aqueous  solution  and  a  few  drops  of  piperidine 
.  added  as  a  condensing  agent.  The  solution  took  on  a  deep  red  color 
immediately,  and  in  the  course  of  an  hour  long,  slender,  yellow  needles 
of  the  metathiazine  made  their  appearance.  The  reaction  may  be  con- 
sidered at  an  end  in  24  hours.  After  removal  of  the  product  the  alkaline 
mother  liquor  was  just  acidified  with  dilute  acid,  upon  which  a  fair  amount 
of  the  yellow  monothioureide  of  nitromalonic  aldehyde  was  precipitated. 
This  mother  liquor  left  after  the  removal  of  the  metathiazine  compound 
has  constituted  the  principal  source  of  the  monothioureide  for  the  present 
work. 

j?-Nitroiminometathiazine  crystallizes  from  alcohol  in  beautiful,  long, 
yellow  needles  m.  15 1-2®  (cor.).  It  is  readily  soluble  in  acetone  or  ben- 
zene; fairly  soluble  in  alcohol,  acetic  acid  or  acetic  ester;  only  slightly 
soluble  in  water. 

Calculated  for  C^HjO^jS:  C,  30.35;  H,  1.91;  N,  26.57;  S,  20.27. 
Pound:  C,  30.21;  H,  2.34;  N,  26.90;  S,  20.35. 
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This  thiazine  is  very  stable  towards  both  adds  and  alkalies.  It  may 
be  crystallized  from  hot,  concentrated  hydrochloric  acid  without  decom- 
position. Prolonged  boiling  with  concentrated  alkali  slowly  breaks  up 
the  molecule.  A  boiling  alkaline  solution  of  lead  acetate  or  mercuric 
oxide  is  without  effect  upon  it,  thus  indicating  the  firmness  with  which 
the  sulfur  is  held  in  the  ring.  Phenylhydrazine  and  aniline  do  not  react 
with  the  compound,  as  may  be  expected  now  that  the  free  aldehyde  group 
of  the  monothioureide  has  become  involved  with  the  mercapto  group 
in  a  ring  closing.  The  action  of  benzenesulfochloride  upon  the  thiazine 
gave,  upon  warming,  a  yellow  oily  mass  which  confirms  the  presence  of 
the  imino  group  (Hinsberg's  test). 

fi'Niiroacetyliminometathiazine,  C^HjOjN^.CCOCHj).— The  ^-nitro- 
iminometathiaziae  was  warmed  with  an  excess  of  acetic  anhydride  for 
an  hour  at  a  temperature  of  about  50^  and  the  solution  then  poured  into 
cold  water.  An  oil  is  first  precipitated;  this,  however,  by  stirring  and  a 
few  minutes'  standing,  passed  over  into  a  yellow,  semi-crystalline  pre- 
cipitate. The  product  was  purified  by  crystallization  from  alcohol  and 
melted  at  141°  (cor.).  It  is  readily  soluble  in  alcohol,  acetone,  benzene, 
acetic  ester  or  carbon  tetrachloride;  fairly  soluble  in  ligroin  or  acetic 
acid;  slightly  soluble  in  water,  but  insoluble  in  ether. 

Calculated  for  C«HaOjN,S:  N,  21.10;  S,  16.42;  found,  21.24,  16. 11. 
This  acetyliminometathiazine  is  a  fairly  stable  compotmd.     It  is  easily 
hydrolyzed,  however,  by  boiling  water  and  yields  again  the  free  meta- 
thiazine.     The  production  of  only  a  monoacetyl  derivative  is  in  exact 
accord  with  the  structure  of  the  metathiazine  as  already  shown. 

Ann  Arbor.  Mich. 


[CONTRIBXrriON   PROM   THB   NBVADA   AGRICULTURAL    EXPBRIMENT   STATION.] 

ALFALFONE,  A  KETONE  OF  THE  FORMULA  C^tRJ),  OBTAINED  . 
FROM  ALFALFA.  ALFALFA  INVESTIGATION,  n. 

By  C.  A.   JACOBCON. 

Received  January  13,  1912. 

When  air-dried  alfalfa  meal  is  extracted  with  hot,  95%  alcohol,  and 
the  extract  allowed  to  cool,  a  heavy  green  precipitate  settles  out.  By 
filtering,  drying  and  extracting  this  precipitate  with  ether,  according  to 
the  method  given  in  my  preliminary  paper, ^ alight,  flufify  powder  results, 
which  serves  as  the  starting  point  for  the  present  investigation. 

About  0.5  gram  of  this  powder  together  with  150  cc,  nitric  acid  of 
1. 1 04  sp.  gr.  are  put  into  a  flask,  connected  with  a  reflux  condenser  and 
heated  on  the  water  bath  for  about  two  working  days,  or  until  the  oily 
globule  floating  on  top  of  the  acid  becomes  perfectly  transparent.  Upon 
cooling  the  solution  to  the  room  temperature,  the  globule  solidifies  into 
*  This  Journal,  33,  2048. 
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a  waxy-looking  cake.  The  nitric  acid  solution  is  found  to  contain  con- 
siderable quantities  of  oxalic  acid.  After  pulverizing  and  washing  the 
cake  free  from  nitric  acid,  it  is  extracted  with  boiling  acetone.  The  acetone 
solution  is  filtered  hot,  and  set  aside  to  cool,  when  a  voluminous  white 
precipitate  appears.  This  precipitate  is  myristone  and  has  been  described 
in  the  paper  to  which  reference  has  already  been  made. 

The  hot  acetone,  however,  does  not  dissolve  all  of  the  powder  from  the 
oxidized  fatty  cake,  but  leaves  the  greater  portion  undissolved.  This 
white,  amorphous  powder  is  a  ketone  of  the  formula  C^jH^jO,  which  I 
have  chosen  to  call  alfalfone,  since  it  has  been  obtained  for  the  first  time 
from  alfalfa. 

Alfalfone  is  insoluble  in  water,  hot  and  cold  acetone  and  ether,  insoluble 
in  cold  alcohol  but  dissolves  slightly  when  this  solvent  is  heated  to  boiling. 
Chloroform  and  carbon  disulphide  dissolve  it  to  some  extent  in  the  cold 
but  easily  on  warming.  A  mixture  of  90%  absolute  alcohol  and  10% 
amyl  alcohol  dissolves  alfalfone  readily  when  hot,  but  precipitates  it 
again  on  cooling.  The  same  is  true  of  a  mixture  of  90%  petroleum 
ether  and  10%  amyl  alcohol.  Both  of  these  mixtures  were  employed 
in  the  purification  of  the  substance,  but  it  was  found  that  the  melting 
points  of  the  products  obtained  from  the  former  solvent  mixture  varied 
somewhat  with  different  lots  and  were  generally  lower  than  the  melting 
points  of  the  lots  obtained  by  using  the  petroleum  ether  mixture.  Two 
lots  reprecipitated  from  the  latter  solvent  mixture  gave  identical  melting 
points,  namely  88.5-88.8*^. 

Alfalfone  manifests  the  same  electrical  properties  as  the  myristone 
with  which  it  is  associated  in  alfalfa.  It  gives  negative  tests  with  bromine 
for  unsaturation,  with  ferric  chloride  and  alkali  for  phenolic  character, 
and  with  acetic  anhydride  for  hydroxyl.  It  does  not  give  the  character- 
istic color  reactions  for  the  cholesterol  group.  Its  chloroform  solution 
does  not  show  any  absorption  bands  either  in  the  visible  or  ultraviolet 
part  of  the  spectrum.     It  is  neutral  to  litmus  and  phenolphthalein. 

Continuous  extraction  of  alfalfa  for  several  months  was  necessary 
before  enough  of  this  material  could  be  obtained  to  work  with,  as  the  yield 
is  only  a  small  fraction  of  one  per  cent.  Four  different  lots  of  the  un- 
oxidized  mother  substance  were  heated  with  nitric  acid  according  to  the 
method  given,  separated  from  myristone  by  boiling  acetone  and  repre- 
cipitated two  to  three  times  from  a  mixture  of  90%  petroleum  ether 
and  10%  amy]  alcohol.  The  resulting  substances  were  then  filtered, 
washed  with  the  same  solvent  mixture,  and  dried  first  in  the  air,  and  then 
in  vacutun  desiccators  over  sulphuric  add. 

These  substances  were  burned  in  a  Liebig  furnace,  giving  the  following 
results: 
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la.        16.        II.        III.       IVo.       IVb. 

Sub....  0.1524    0.2204   0.1816   0.1696   0.1980   0.1727 
CO, 0.4559    0.6568    0.5395    0.5038    0.5893    0.5157 

H2O.. . .   0.1835    0.2663    0.2197    0.2018    O.2411    0.2067 

C 81.56  81.27  81.02  81.02  81.18  81.47  81.32 

H 13.47  1352  1354  13-31  13.63  13.40  13.51 

Calculated  for  CaH^jO:  C,  81.20;  H,  13.64. 

Like  myristone,  this  ketone  did  not  yield  an  acid  (at  least  not  to  any 
appreciable  extent)  when  oxidized  with  a  chromic-sulfuric  acid  mixture, 
but  when  it  was  heated  with  a  large  excess  of  sodium  in  95%  alcohol, 

the  corresponding  carbinol  was  obtained  whose  properties  differ  some- 

» 

what  from  the  mother  substance. 

Alfalfone-carbinol  is  soluble  in  boiling  acetone  but  settles  out  when 
the  solution  cools.  It  is  more  soluble  in  hot  alcohol  than  the  ketone. 
Both  chloroform  and  amyl  alcohol  dissolve  it  at  the  room  temperature. 
It  goes  into  colloidal  solution  in  carbon  disulfide,  which  at  once  clears 
when  the  temperature  is  slightly  raised. 

The  carbinol  was  purified  by  reprecipitating  from  hot  acetone,  washed 
and  dried  in  a  vacuum  desiccator.  It  is  a  pure  white,  amorphous  powder, 
with  a  melting  point  of  86.3-86.5*^. 

Following  are  the  results  obtained  from  combustions  of  two  different 
lots  of  the  carbinol : 

Substance,  0.1540,  0.1859;  ^^2*  0.4557,  0.5499;  H,0,  0.1928,  0.2254. 
Calculated  for  C^H^^O:  C,  80.68  ;  H,  14.20. 

Found:  C,  80.68,  80.68;  H,  14.01  (13.57). 

Not  enough  material  was  available  for  determining  the  location  of  the 
carbonyl  group  in  the  ketone  or  the  hydroxyl  in  the  carbinol.  The 
cetyl  ether  of  a-hydroxy-^S-methyl  butane  described  by  Guye  and  Chav- 
anne^  has  the  same  percentage  composition  as  alfalfone-carbinol,  but 
that  they  are  different  substances  is  seen  from  the  fact  that  the  former 
has  a  melting  point  of  only  14^.  Isoamylcetyl  ether'  is  also  isomeric 
with  it,  but  since  its  melting  point  is  30®  and  that  of  the  carbinol  from 
alfalfone  86.3-86.5*^,  the  two  substances  must  be  fundamentally  different. 

As  the  work  progresses,  more  and  more  of  this  material  will  accumulate, 
and  it  is  hoped  that  enough  can  be  obtained  so  that  the  constitutional 
formula  can  be  ascribed  to  this  new  ketone  obtained  from  alfalfa. 

'  Bull,  soc,  chim.,  [3]  15,  304. 
•  Ann.,  102,  220. 
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Introduction. 

The  importance  of  the  presence  of  oxidizing  enzymes  in  plants  is  be- 
coming more  and  more  evident.  The  work  of  Palladin'  and  of  others 
strongly  emphasizes  their  fundamental  role  in  the  respiration  of  plants. 
The  work  of  Woods'  in  this  Bureau  bears  out  their  significance  in  diseases 
of  plants.  Furthermore  their  causal  relationship  to  color  production  in 
plaats/  their  important  part  in  the  darkening  of  tea/  as  well  as  in  that 
of  bread  during  its  making*  and  in  the  production  of  the  smooth  black 
and  hard  lacquer  of  the  Japanese  from  the  white  fluid  soft  secretion  of 
the  tree  Rhus  vernicifera'  is  well  established. 

'  By  permission  of  the  Secretary  of  Agricttltuie.  Communicated  at  the  summer 
meeting  of  the  American  Chemical  Society  at  San  Francisco^  19 10,  and  at  the  winter 
meeting  of  the  same  society  at  Minneapolis,  1910. 

*  Palladin,  W.,  "Bildung  der  verschiedenen  Atmungsenzyme  in  Abh&ngigkeit  von 
dem  Hntwicklungs-stadium  der  Pflanzen,"  Ber.  Boi.  Ges.,  24,  97-107  (1906).  "Die 
Arbeit  der  Atmungsenzyme  der  Pflanzen  unter  verschiedenen  Verhftltnissen/'  Z.  physiol. 
Chem.,  47,  406-451  (1906).  "t)ber  die  Wirkung  von  Oiften  auf  die  Atmung  lebender 
und  abgetflteter  Pflanzen^  sowie  auf  Atmungsenzyme/'  JahrbUcher  Wiss.  Botanik,  47, 
431-461  (1910). 

'  "The  Destruction  of  Chlorophyll  by  Oxidizing  Enzymes/'  CetUralbl.  Bakteriologie, 
5,  745-754  (1899).  "Observations  on  the  Mosaic  Disease  of  Tobacco/'  U.  S.  Dept.  of 
Agr.,  Bureau  of  Plant  Ind.,  BtUl.  18,  17-22  (1902). 

*  Agulhon,  H.y  "Influence  de  la  reaction  du  milieu  sur  la  formation  des  m^lanines 
par  oxydation  diastasique/'  Compt,  rend,,  Z5O9 1066-68  (1910).  Palladin,  W.,  "Synergin, 
das  Prochromogen  des  Atmungspigmentes  der  Weizenkeime/'  Biochem.  Z.,  27, 442-449 
(1910).  "Die  Verbreitung  der  Atmungschromogene  bei  den  Pflanzen/' Ber.  Boi.  Ges., 
26a,  378-389  (1908).  Bourquelot,  £.,  and  Bertrand,  G.,  "Le  bleuissement  et  le  noir- 
cissement  des  champignons/'  Compi.  rend.  soc.  bioL,  [10]  2,  582-584  (1895).  Bailey, 
I.  W.,  "Oxidizing  Enzymes  and  Their  Relation  to  'Sap-stain'  in  Lumber/'  Bai.  Gcu., 
50,  142-147  (19 10).  Bourquelot,  E.,  and  Fichtenholz,  A.,  "Nouvelles  recherches 
sur  la  glucoside  du  poirier,  son  r61e  dans  la  production  des  teintes  automnales  des 
feuilles/*  Compi.  rend.  soc.  bioL,  69,  605-607  (1910).  Combes,  R.,  "Du  r61e  de  I'oxy- 
g^ne  dans  la  formation  et  la  destruction  des  pigments  rouges  anthocyaniques  chez 
les  v^g^taux,"  Compt.  rend.,  150,  1186-1189  (1910). 

'  Aso,  K.,  "On  the  Role  of  Oxydase  in  the  Preparation  of  Commercial  Tea/'  Bull. 
CoU.  Agr.  Tokyo,  4,  255-259  (1901). 

*  Boutroux,  L.,  "Le  pain  et  la  paniiication, "  Paris;  1897,  p.  184.  Bertrand,  G., 
and  Mutermilch,  W.,  "Sur  la  Tyrosinase  du  son  de  Froment/'  Bull,  soc.  chim.  [4]  i, 
837-841    (1907). 

'  Bertrand,  G.,  "Sur  le  latex  de  I'arbre  k  laquc/'  Compt.  rend.,  118,  12 15-12 18 
(1894).  "Recherches  sur  le  latex  de  I'arbre  a  laque  du  ToxJdn/'  BtUl.  soc.  chim.,  [3] 
"•  717-721  (1894). 
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These  are  only  a  few  examples  selected  from  the  extensive  literature 
on  the  subject,^  but  they  fully  demonstrate  the  great  need  of  careful  and 
thorough  studies  of  this  class  of  substances. 

Nearly  all  of  the  experiments  attempting  to  correlate  the  oxidase 
content  with  biological  processes  in  plants  have  been  of  a  qualitative 
nature. 

The  time  has  now  come  when  mere  qualitative  study  of  enzymes  is 
inadequate.  This  became  particularly  evident  in  the  course  of  some  bio- 
chemical investigations  upon  certain  pathological  conditions  of  important 
agricultural  crops  undertaken  in  this  laboratory  in  codperation  with  other 
divisions  of  the  Bureau  of  Plant  Industry.  Among  these  conditions 
were  the  mosaic  disease  of  tobacco,  the  curly-top  of  beets,  and  diseases 
of  cabbage  and  spinach  on  the  truck  farms  of  Norfolk.  For  the  first  of 
these  Woods'  long  ago  demonstrated  changes  in  the  oxidase  mechanism. 
Work  in  this  laboratory  has  raised  the  question  whether  the  other  con- 
ditions mentioned  may  not  also  present  symptoms  of  this  general  type. 
It  was  found  impossible  to  settie  this  question  without  determining  the 
oxidizing  power  of  these  tissues  and  extracts  quantitatively.  Unfor- 
tunately no  sufficientiy  accurate  quantitative  methods  suitable  for  the 
purpose  exist.  It  therefore  became  necessary  to  devise  such.  This 
task  has  been  imdertaken  by  the  writer,  and  the  present  report  is  the  first 
step  in  the  solution  of  this  problem. 

The  various  methods,  which  in  tiie  past  have  been  used  in  investiga- 
tions of  this  sort,  are  briefly  reviewed  in  an  article  by  Foi'  and  are  dis- 
cussed in  detail  in  Bulletin  2389  Bureau  of  Plant  Industry,  Depart- 
ment of  Agriculture.  In  addition  to  the  criticisms  made  by  Foil  there 
are  many  other,  at  least  as  serious  objections,  to  the  use  of  colorimetric 
methods  in  the  measuremenjt  of  oxidizing  enzymes.  In  the  first  place 
the  tissue  extracts  available  are  rarely  clear  and  colorless,  but  generally 
grayish  and  turbid,  due  among  other  things  to  the  partial  oxidation  and 
subsequent  precipitation  of  the  chromogens  contained  in  them.  Since 
artificially  prepared  color  standards  are  free  from  colored  suspended 

*  Issajew,  W.,  "tJber  die  Malzoxydase,"  Z.  physioL  Chem.,  45,  331-350  (1905). 
KelJey,  W.  P.,  "The  Influence  of  Manganese  on  the  Growth  of  Pineapples,*'  Hawaii 
Agr.  Exp.  Station,  Press  Bull.  23,  14,  Honolulu,  1909.  Lagatu,  H.,  "Sur  la  casse 
des  vins;  interpretation  nouvelle  bas^e  sur  le  r61e  du  fer,"  Compt.  rend.,  124, 1461-1463 
(1897).  Bouffard,  A.,  and  Semichon,  L.,  "Contribution  k  T^tude  de  Toxydase  des 
raisins.  Son  utility  dans  la  vinification,"  Compt.  rend.,  126,  423-426  (1898).  Caze- 
neuve,  P.,  "Sur  le  ferment  soluble  ozydant  de  la  casse  des  vins,"  Compt.  rend.,  124, 
406-408  (1897).  I^pinois,  £.,  "Note  sur  les  ferments  oxydant  de  Taoonit  et  de  la 
belladone,"  /.  pharm.  et  chim.,  [6]  9,  49-52  (1899).  Lindet,  L.,  "Sur  Toxydation 
du  tannin  de  la  pomme  k  ddre,"  Bull.  soc.  chim.,  [3]  zs,  277-279  (1895). 

*  Woods,  A.  F.,  loc.  cii. 

'  "Bine  Methode  graphischer  Registrierung  einiger  G^hrungsvorg&nge, "  Biochem. 
Z.,  II,  382-399  (1908). 
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matter,  the  comparison  becomes  very  difficult  and  at  the  best  inaccurate. 
On  the  other  hand  if  the  oxidase-containing  solutions  are  freed  from  such 
disturbing  constituents,  or  if  only  very  small  amounts  of  the  juice  to  be 
studied  are  used,  the  methods  based  on  color  comparison  become  very 
unreliable.  What  is  badly  needed  is  a  method  applicable  to  the  juice 
or  extract  freshly  prepared  from  the  plant  tissue,  the  accuracy  of  which 
will  be  enhanced  rather  than  impaired  by  the  use  of  larger  amounts  of 
material.  Fresh  plant  juices  always  contain  appreciable  amounts  of  protein 
in  solution.  It  is  well  known  that  all  proteins,  being  amphoteric  colloids, 
are  capable  of  combining  with  or  absorbing  colored  compounds  of  all 
sorts.  Since  in  the  manipulations  referred  to  in  connection  with  tlie 
methods  mentioned  above  no  more  than  a  small  amount  of  the  colored 
substance  is  formed*  an  appreciable  error  is  introduced  whenever  fresh 
tissue  juice  is  used,  especially  since  the  protein-dye  combination  is  fre- 
quently insoluble. 

Methods  based  on  the  measurement  of  the  quantity  of  precipitate 
produced  in  the  course  of  the  oxidation  of  water-soluble  substances  to 
insoluble  compounds  are  more  reliable,  but  very  limited  in  their  ap- 
plicability. Piirth  and  Jerusalem^  measured  the  tyrosinase  content  of 
mushrooms  by  the  volume  of  the  melanin  precipitate  produced.  The 
method  of  Bach  and  Chodat'  which  is  based  on  the  weighing  of  the  pur- 
purogallin  formed  in  the  presence  of  hydrogen  peroxide  and  peroxidase 
is  so  well  known  that  it  does  not  require  description.  The  first  method 
here  mentioned  is  inaccurate,  the  second  tedious,  owing  to  the  number  of 
weighings,  and  neither  is  of  general  applicability. 

As  Fo4  points  out,  the  methods  most  satisfactory  for  the  measurement 
of  the  rate  of  reactions  involving  oxygen  absorption  are  those  in  which 
the  quantities  of  oxygen  absorbed  are  determined  by  measuring  the 
changes  of  pressure  vdthin  the  reaction  flask.  The  present  publication 
deals  with  the  description  of  such  a  method. 

A  manometric  method  has  been  devised  and  used  successfully  by  A.  P. 
Mathews  in  his  work  on  the  spontaneous  oxidation  of  the  cell  constituents.* 
Similar  methods  have  also  been  used  by  many  other  observers  for  the  sake 
of  obtaining  a  measure  of  the  respiratory  enzymes  present,  but  none  have 
observed  all  of  the  precautions  necessary  in  such  measurements.  The 
precautions  to  be  observed  as  well  as  the  drawbacks  of  all  methods  of 
this  type  are  described  in  detail  in  the  bulletin. 

*  "Zur  Kenntnis  der  melanotischen  Pigxnente  und  der  fermentativen  Melan- 
mbildung,"  Beitr,  chem.  Physiol.  Path.,  10,  131-173  (1907). 

*  Chodat,  R.,  "  Darstellung  von  Oxydaaen  and  Katalaaen  tierischer  und  pflanz- 
Ikher  Herktmft.  Methoden  ihrer  Anwendung."  Abderhalden,  E.,  "Handbuch 
der  Biochemiscfaen  Arbeitamethoden, "  Berlin,  19x0,  Vol.  Ill,  Ft.  i,  pp.  42-74. 

*  J.  Biol.  Chem.,  6,  3-20  (1909).  Mathews,  A.  P.,  and  Walker,  Sidney,  J.  Biol, 
Chem.,  6,  29-37  (1909)- 
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In  most  of  the  experiments  described  in  this  paper,  potatoes  furnished 
the  oxidase  preparations.  These  were  used  for  a  number  of  reasons. 
They  are  easily  obtainable  at  all  times  of  the  year,  and  can  be  readily 
grown  for  experimental  purposes  if  it  is  found  desirable  to  study  the 
variation  of  oxidase  content  with  varying  conditions.  Numerous  ex- 
periments by  other  observers  show  that  they  are  rich  in  oxidases.  They 
seemed  therefore  the  best  test  object  for  elaborating  the  method. 

The  potatoes  used  were  rinsed  off  with  cold  water,  and  wiped  dry  with 
a  dean  towel.  They  were  peeled,  and  the  peelings  ground  up  in  a  meat 
chopper.  The  juice  was  obtained  by  pressing  the  pulp  through  a  piece 
of  silk  cloth.  In  all  the  experiments  only  fresh  juice  was  used.  The 
juice  of  beet  leaves  was  obtained  by  pressing  it  from  the  cleansed  leaves 
after  grinding  them  in  a  meat  chopper.  Neither  the  potato  nor  the 
beet  juice  was  filtered  through  paper.  Since  the  activity  of  the  juice 
undoubtedly  depends  to  some  extent  on  the  mode  of  preparation,  a 
method  will  be  devised  in  the  near  future  by  whic^  uniformity  in  this 
process  can  be  assured. 


Fig.  1. 
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To  start  with  it  was  decided  to  use  pyrogallol  as  the  substance  to  be 
oxidized. 

It  is  obvious  tliat  all  the  experiments  have  to  be  carried  out  at  a  con- 
stant temperature.  For  this  purpose  an  air  thermostat  was  constructed 
by  means  of  which  the  temperature  could  be  maintained  constant  within 
0.1-0.2**.  A  shaking  machine  was  also  made  especially  for  the  pur- 
pose.* 

The  procedure  of  the  actual  measurement  is  as  follows:  The  oxidase 
apparatus  (Pig.  i)  is  clamped  on  the  carriage  of  the  shaking  machine 
in  the  thermostat.  *  Eight  cc.  of  fresh  i  %  pyrogallol  solution  are  measured 
into  compartment  C  by  means  of  bulb  G.  Two  cc.  of  plant  juice  are 
measured  into  compartment  A  from  buret  F.  Basket  H  is  charged  with 
I  cc.  normal  sodium  hydroxide  solution.  Only  stopcock  /  is  left  closed. 
Then  the  interior  of  the  thermostat  is  heated  to  the  temperature  desired 
and  maintained  there.  About  30  minutes  after  the  temperature  of  ex- 
perimentation is  reached,  the  windows  of  the  thermostat  are  opened 
enough  to  allow  the  introduction  of  the  arm  and  the  stopcock  M  closed. 
Now  the  shaking  machine  is  brought  into  action  at  an  approximate  rate 
of  5  complete  excursions  in  3.3  seconds. 


Fig.  2. 

*  lUastrations  and  descriptions  of  these  apparatus  are  to  be  found  in  Bull.  238, 
Bureau  of  Plant  Industry. 
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At  15-minute  intervals  the  shaking  is  interrupted  long  enough  to  read 
the  manometers.  When  the  oxygen  absorption  has  come  to  an  end,  as 
indicated  by  the  identity  of  successive  manometric  readings,  the  experi- 
ment is  considered  completed. 

If  it  is  desired  to  determine  approximately  the  carbon  dioxide  formed 
during  the  experiment,  the  ground  joint  K  with  the  basket  H  is  lifted  oflf, 
a  drop  of  phenolphthalein  added  and  the  basket  H  placed  in  the  titration 
flask  shown  in  Fig.  2.  By  rotating  the  buret  B  about  the  ground  joint  G, 
its  tip  is  brought  just  above  the  basket.  0,1  N  sulfuric  acid  is  run  into  the 
basket  during  slow  agitation  until  the  appearance  of  the  red  color.  The 
buret  is  then  read;  three  drops  of  Congo  red  solution  are  placed  in  the 

* 

basket  and  the  titration  continued  until  the  bright  red  color  disappears. 
From  the  difference  between  the  two  end  points  the  amount  of  carbon 
dioxide  absorbed  may  be  calculated.  In  this  fashion  it  is  possible  to 
carry  out  the  titration  in  an  atmosphere  practically  free  from  carbon 
dioxide,  since  the  titration  flask  contains  solid  potassium  hydroxide. 

Experiments  on  the  Effect  of  the  Variable  Factors  Inyolved  in  the 

Method  on  the  Total  Oxygen  Absorption. 

In  all  of  the  experiments  to  be  described  in  this  publication  the  pressure 
readings  on  the  manometer  are  given  and  these  values  reduced  to  the 
arbitrary  volume  of  150  cc.  An  absolute  imit  of  oxidase  content  will  be* 
discussed  at  the  end  of  the  paper,  but  will  not  be  made  use  of  in  the  re- 
sults given  since  the  latter  are  only  relative  and  have  value  only  in  proving 
the  efficiency  of  the  method.  The  juice  used  was  freshly  prepared  for 
each  experiment  and,  as  it  differed  in  each,  different  values  were  neces- 
sarily obtained  from  experiment  to  experiment. 

Tablb  I. — ^Thb  Efpbct  of  Varying  the  Concbntration  of  Pyrogallol. 

V<duiiie  of  Concentration  of  Volume  of 

Number  of       pyrogallol  aolution.    pyrocallol  solution.  potato  Juioe.  Content  of 

apparatus.  cc.  Per  cent.  oc  glaas  basket. 

1 8  10  a  I  cc  iV  NaOH 

4 8  10  2  I  cc.  i^  NaOH 

5 8  5  2  ICC.  iV  NaOH 

7 8  5  2  ICC.  iV  NaOH 

II 8  2.5  2  ICC.  iV  NaOH 

12 8  2.5  2  ICC.  AT  NaOH 

11.20  A.M.,  put  into  thermostat;  11.45  a.m.,  began  to  shake.    Rate  of  shakin^^ — 
5  complete  excursions,  3.1  seconds. 

Table  II  shows  that  the  absorption  of  oxygen  comes  to  an  end  in  the 
course  of  about  2  hours.  In  the  following  tables  only  this  end  result  will 
be  given.    The  full  details  have  been  included  in  the  tables  of  the  BuUetin. 
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Tablb  II. 

TisM  Temperature 

dapeed         at  the  time  of 

ainoc  begin-    meaatuement  Manometer  leadinga  egprinurt  in  centimeters  of 

Time  of      tting  of  experi-    gjipreiaed  mercury  in  apparatua. 

fcadincof    ment  expressed    in  decrees  ■  —                ■ 

manometer.        in  mimttes.     centi^ade.  No.  1.      No.  4.       No.  S.      No.  7.     No.  11.     No.  12. 

11.45  o  36.4  o.cx>      0.00      0.00      0.00      o.cx>      0.00 

12.00  15  36.4  0.50      0.60      0.53      0.55      0.70      0.65 

12.15  30  3^*4  0.62      0.80      0.90      0.80      1. 00      1.05 

".30  45  36.4  0.85      0.95      0.98      0.80       1.20       1. 10 

X.30  X05  36.4  1.25       1.40      1.32       1.60      1.70      X.30 

1.45  I30  36.4  1.40      1.60      1.40      1.60      2.20      1.40 

2.00  135  36.5  1.50      1.58       1.45       1.65      3.20      1.50 

2.15  150  36.4  1.58       1.80       1.60      X.80    Pyr.  90I.  X.60 

splash 
into  bulb. 
2.30  165  36.5  1.70      1.80      1.70      1.80  1.60 

Final  readings  corrected  to  a  volume  of 
150  cc.' 1.62       1.83       1.72       X.87  X.42 

Tablb  III. 

Volume  of  pyrogallol  solution  used  8  cc. 

Volume  of  potato  juice  used 3  cc. 

Content  of  glass  basket i  cc,  N  NaOH. 

Concentration  of  pyro-  in  oentimetan  of  meranr 

gallol  solntion  used.  in  apparatua.  corrected 

Per  cent.  to  a  Tolnme  of  150  cc. 

16.0  3. II 

8.0.  3.48 

4.0  2.64 

3.0  2.60 

I.O  2.86 

0.5  2.76 

In  the  following  series  fresh  juice'  was  used,  different  from  that  in  the  experi- 
ment just  described. 

0.80  1.39 

0.40  1.46 

0.30  1.32 

o.io  0.31 

The  results  shown  in  Tables  I-III  show  definitely  that  the  concentra- 

'  The  apparatus  used  in  all  the  experiments  described  in  this  paper  (Fig.  i)  have 
the  approximate  volume  of  150  cc.  They  fluctuate  in  actual  volume  from  136  cc.  to 
156  cc.  and  all  the  corrections  have  to  be  nude  in  order  to  make  the  volumes  com- 
parable. The  apparatus  of  the  latest  form  have  the  volume  of  87  cc.  and  are  all  of  the 
same  size  within  1  cc.  This  particular  volume  was  chosen  so  that  the  actual  volume 
of  gas  in  the  apparatus  during  the  experiment  would  be  76  cc.  and  a  change  in  pres- 
sure of  I  cm.  of  mercury  under  these  conditions  would  correspond  to  the  absorption  of 
X  cc.  of  oxygen.  These  apparatus  may  be  obtained  from  Machlett  &  Son,  143  East 
23d  St.,^New  York  aty. 
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tion  of  the  pyrogallol  solution  has  no  appreciable  effect  on  the  end  result, 
provided  the  concentration  is  above  a  certain  lower  limit,  which  in 
the  experiments  cited  is  a  little  more  than  0.20%.  It  appears  that  a 
certain  quantity  of  potato  juice  is  capable  of  bringing  about  the  oxida- 
tion of  a  very  definite  quantity  of  pyrogallol;  quantities  of  pyrogallol 
present  beyond  this  amount  remain  unoxidized.  No  attempt  was  made  in 
the  course  of  the  work  here  described  to  determine  exactly  the  smallest 
quantity  of  pyrogallol  required;  the  experiments  were  carried  out  solely 
for  the  purpose  of  finding  the  concentration  of  pyrogallol  solution  neces- 
sary to  obtain  comparable  results. 

From  Experiment  3  it  is  apparent  that  very  great  concentrations  of 
pyrogallol,  such  as  16%,  have  a  slight  retarding  action  on  the  oxidation. 
This  is  especially  noticeable  in  the  rate  with  which  the  end  point  is  reached. 

On  the  strength  of  the  results  of  these  experiments  it  was  decided  to 
use,  at  least  for  the  present,  a  i  %  pyrogallol  solution  in  all  of  the  experi- 
ments to  be  made. 

Table  IV. — The  Comparative  Ei^pectiveness  of  Fresh  and  op  Old  Pyrogallol 

Solutions. 

Volume  of  pyrogallol  solution  used  in  each  experiment  8.0  cc. 

Volume  of  potato  juice 2 .0  cc. 

Volume  of  N  NaOH  solution  used  in  basket i  .0  cc. 

.  Pinal  premire  in  apparatus  ex- 

Strensth  and  age  of  pyro-  pressed  in  terms  of  cm.  of  mercury. 

SalTol  solution  used.  corrected  to  a  volume  of  150  cc. 

1 .0%  old  solution  i . 82 

1 .0%  fresh  solution  i  .92 

0.1%  old  solution  o .  79 

0.1%  fresh  solution  o .  83 

This  experiment  was  undertaken  to  determine  whether  it  is  necessary 
to  prepare  a  fresh  pyrogallol  solution  at  the  beginning  of  each  experiment. 
As  the  experiment  shows,  the  very  old  solution  gives  the  same  result  as 
that  freshly  prepared  and  therefore  no  precautions  need  be  taken  in  this 
respect.  The  difference  between  the  results  of  the  first  pair  and  the 
second  pair  of  the  series  is  due  to  the  low  concentration  of  the  pyrogallol 
in  the  latter  (see  Table  III). 

The  fact  that  a  deiinit  quantity  of  juice  is  capable  of  bringing  about  the 
oxidation  of  a  definit  quantity  of  pyrogallol  by  a  definit  quantity  of 
oxygen,  led  to  the  supposition  that  the  total  quantity  of  oxygen  con- 
sumed in  the  oxidation  of  the  pyrogallol  in  the  presence  of  excess  of  the 
latter  is  directly  proportional  to  the  concentration  of  the  oxidase  in  the 
juice.  To  test  this  hypothesis  fresh  potato  juice  was  diluted  with  vary- 
ing volumes  of  water  and  the  activities  compared.  The  results  are  given 
in  Table  V. 
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TablB  v. 

. 

Volume  of 

I  %  pyrogallol  solotioti . . 

. . .  8.0  cc. 

Volume  of  N  NaOH  used  in  basket. 

. . .  1.0  cc. 

AmottJit  of  po- 
tato juice  uaied. 
Cc. 

Amount  of  water  added 

to  potato  juice. 

Cc. 

Manometer  readings  ex- 

DWMcrt  in  centimetert 

of  mercury  in  apparatus 

2.0 

0 

X-73 

2.0 

0 

1.89 

I.o 

1.0 

0.97 

0-5 

«.5 

0.38 

0.5 

1-5 

0.48 

This  experiment  shows  that  the  total  oxygen  absorption  is  at  least 
approximately  proportional  to  the  quantity  of  potato  juice  present. 
What  the  exact  relationship  is  between  the  concentration  of  potato  juice 
and  the  quantity  of  oxygen  absorbed  will  be  determined  later. 

Effect  of  Concentration  of  AlkaU  in  ike  Absorption  Basket  on  the  Result — 
It  was  necessary  to  determine  the  strength  of  the  alkali  solution  required 
to  instu-e  prompt  and  complete  absorption  of  the  carbon  dioxide  produced 
during  the  experiments.  For  this  purpose  a  number  of  experiments  were 
carried  out  with  varying  concentrations  of  alkali  in  the  basket,  all  other 
conditions  being  uniform. 

Tabls  VI. 

Volume  of  i  %  pyrogallol  solution.   8.0  cc. 

Volume  of  fresh  potato  juice 2 .0  cc. 

strength  of  Manometer  readings  expressed  in 

NaOH  used.  centimeters  of  mercury  in  apparatus. 

2.$0  N  2 .  10 

i.ooN  1.73 

0.50  iV  2.08 

0.25  iV  1.98 

o.ioN  1.73 

0.00  0.80 

As  these  results  show,  it  is  necessary  to  use  at  least  0.25  normal  solu- 
tion of  sodium  hydroxide  to  make  sure  of  the  complete  removal  of  the 
carbon  dioxide  formed  during  the  oxidation  of  the  pjrrogallol.  To  be 
certain  of  an  excess  of  alkali,  i  cc.  of  a  normal  solution  was  used  in  all 
these  experiments.  There  seems  to  be  no  doubt  about  the  fact  that  under 
these  conditions  the  absorption  of  the  carbon  dioxide  from  the  atmos- 
phere of  the  flasks  is  practically  complete.  This  is  borne  out  by  the  fact 
that  in  all  of  the  experiments  the  reaction  comes  to  completion  within  a 
few  hours.  If  a  measurable  amount  of  carbon  dioxide  were  tmabsorbed 
in  the  oxidase  apparatus,  the  pressure  as  indicated  by  the  manometer 
would  diminish  as  the  shaking  is  continued  until  practically  all  of  the 
carbon  dioxide  is  absorbed. 

Effect  of  the  Rate  of  Shaking. — In  the  experiments  cited,  the  oxidase 
apparatus   were  shaken  at  a   rate   of   5    complete  excursions   of    the 
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machine  in  3.0  seconds.  Under  these  conditions  in  some  cases  a 
small  amount  of  pyrogallol  splashed  into  the  alkali  in  the  small  glass 
basket  (Table  II).  This  became  noticeable  at  once  by  an  increased 
rate  of  oxygen  absorption  and  the  failure  of  the  absorption  to  come  to 
completion.  It  is  impossible  to  overlook  such  an  error  for  the  following 
reasons:  no  experiment  is  taken  into  account  unless  the  diminution  of 
pressure  comes  to  a  definite  end  in  the  course  of  a  few  hours.  To  avoid 
accidents  due  to  the  splashing  of  pyrogallol  into  the  basket  the  rate  of 
shaking  hencefortli  was  reduced  to  5  complete  excursions  in  3.3  seconds. 
Under  these  conditions,  as  will  be  seen,  no  difficulty  due  to  splashing  was 
ever  experienced. 

Effect  of  Temperature. — ^The  temperature  in  the  thermostat  varied,  as 
experiments  given  in  Table  VII  shows,  no  more  than  0.1°  and  it  is  certain 
that  the  maximal  variations  within  the  oxidase  apparatus  were  less  than 
that..  Since  the  pressure  is  directly  proportional  to  the  absolute  tem- 
perature, a  rise  of  0.1°  at  36.4®  will  involve  an  increase  of  pressure  of 

76.0  _  /^. .    .  11 

^^ ^    ^     0.025  cm.  of  mercury.     This  is  not  greater  than  the 

309.4  X  10  ^  ^ 

errors, involved  in  the  measurements  of  the  pressure  existing  within  the 

oxidase  apparatus. 

Table  VII. 


Time         Temperature 
etapoed       at  the  time  of 
since  begin-    measurement 
Time  of    ning  of  cxperi-      exi>ressed 
reading  of  ment  expressed     in  degrees 
manometer,     in  minutes.        centigrade. 

O  36.4 


Manometer  readings  expressed  in  centimeters  of 
mercury  in  apparatus 


10.00 
10.30 
11.00 
1 1 .30 
12.00 
12.30 
I.OO' 

T.30 

2.00 
2.30 


30 
60 
90 

120 

180 
210 
240 
270 


36.5 

36.4 

36.5 

36.5 

36.4 

36.4 
36.4 
36.4 
36.4 


No.  1. 
O 

run  in 
1.80 

2.10 

2-35 
2 .42 

2.70 

2.80 

2.75 
2.80 

2.80 


No.  4. 
O 

O 

run  in 

1.25 

1.65 


No.  5. 
O 


No.  7. 
O 


No.  11. 
O 


No.  !2. 
O 


O 

run  in 
1 .10 


o 


1 .  70       1 . 40 


o 
run  in 

I.OO 


1.90       1.50       1.35 


2 
2 

2 
2 


,00 
.10 
.20 
.20 


1 .80 
1 .70 
1 .90 
1.90 


1.50 

1.50 
1.75 
1-75 


o 

run  in 
1.20 

1.50 
1.50 
1.80 
1.80 


run  in 
1 .40 
1 .70 
1.80 
1.90 


Final  readings.     Corrected  to  a  volume 
of  150  cc 2.67       2.24       1.93       1.82       1.73       1.68 

9.40  put  into  box:  10.00  began  to  shake.     Rate  of  shaking — 5  complete  excursions, 
3.4  seconds. 
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Effed  of  Shaking  on  the  Activity  of  the  Potato  Juice. — Since  it  is  known 
from  the  work  of  Meltzer,  Schmidt-Niclssen  and  others  that  many  of  the 
enzymes  lose  their  activity  on  vigorous  shaking,  it  seemed  advisable  to 
see  whether  the  potato  juice  loses  its  activity  to  any  extent  on  account 
of  the  shaking  during  the  experiments.  This  was  hardly  to  be  expected, 
since  the  rate  of  shaking  employed  was  never  very  rapid. 

To  test  the  point  in  question  three  experiments  were  carried  out  as 
follows :  Oxidase  apparatus  were  clamped  to  the  carriage  of  the  shaking 
machine  and  the  baskets  charged  with  i  cc.  of  normal  sodium  hydroxide. 
Into  itbch  apparatus  were  put  2  cc.  of  potato  juice  and  6  cc.  of  water. 
Two  cc.  of  a  4%  pyrogallol  solution  were  placed  in  each  of  the  graduated 
pipettes.  In  this  fashion,  after,  mixing,  the  usual  dilutions  were  obtained. 
The  p3rrogallol  solution  was  nm  into  one  apparatus  just  before  the  shaking 
was  begun,  into  another  some  time  later,  into  a  third  still  later,  and  so 
on. 

These  results  bring  out  a  very  remarkable  fact.  If  the  potato  juice 
is  shaken  for  15-30  minutes  before  the  addition  of  the  oxidizable  sub- 
stance, its  oxidizing  power  is  reduced  to  about  half  its  original  value. 
On  longer  shaking  no  further  effect  is  noticeable.  Potato  juice  shaken 
for  2V2  hours  gives  approximately  the  same  result  as  that  shaken  only 
one  hour.  Whatever  change  the  juice  suffers  takes  place  in  the  first 
hour  of  the  experiment.  The  activity  after  this  period  is  still  quite 
appreciable  and  does  not  suflFer  any  measurable  loss  on  further  shaking 
for  2-3  hours,  which  is  the  maximum  duration  of  the  measurements. 
This  indicates  that  two  phases  of  the  process  are  dealt  with,  each  one  of 
which  may  be  measured  separately.  In  order  to  get  the  total  oxidizing 
effect  of  the  plant  juice  it  is  necessary  to  make  the  measurements  right 
from  the  beginning  when  the  shaking  is  begun. 

These  experiments  very  clearly  point  out  the  conditions  under  which 
the  experiments  must  be  carried  out  in  order  to  obtain  comparable  re- 
sults. The  details  of  the  method  are  based  on  tliese  experiments  and  are 
described  in  an  earlier  part  of  this  paper.  The  experiments  also  show 
that  by  means  of  this  method  it  is  possible  to  obtain  quite  accurate  and 
reliable  results,  as  shown  by  numerous  parallel  experiments  carried 
out.  It  is  true  that  in  some  of  the  duplicate  experiments,  especially 
in  the  beginning,  of  the  investigation,  there  are  differences  in  the  end 
results  of  from  2-3  mm.  or  even  more  (Experiments  1 1  and  12,  Table  II), 
but  these  differences  become  smaller  as  the  work  advances  and  the 
writer's  experience  with  the  apparatus  grows. 

It  is  intended  to  take  up  the  results  obtained  and  discuss  their  signifi- 
cance in  a  later  paper  on  the  mode  of  action  of  the  oxidases  in  plant 
juices. 
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Practical  Application  of  the  Method  to  the  Study  of  the  Curly-Top  Disease 

of  Beets. 

The  Division  of  Cotton  and  Truck  Diseases  of  the  Bureau  of  Plant 
Industry,  Department  of  Agriculture,  has  for  some  years  been  investiga- 
ting the  curly- top  disease  of  sugar  beets.*  Through  the  courtesy  of  Mr. 
W.  A.  Orton  and  Mr.  H.  B.  Shaw,  the  writer  was  able  to  obtain  for  ex- 
perimental purposes  fresh  samples  of  sugar-beet  leaves  affected  by  this 
disease  to  a  striking  degree  and  also  samples  of  normal  beet  leaves.  All 
of  the  beets,  of  which  the  leaves  were  examined,  were  grown  in  a  green- 
house, and  therefore  were  subjected  to  practically  uniform  condHions. 
The  leaves  were  treated  in  the  same  way  as  the  potato  peelings. 

Tablb  VIII. 

Manometer  readings  ex-       Grams  of 
pressed  in  centimeters      (X>b  absorbed 
Juice  used.  of  mercury  in  apparatus.       by  alkali. 


I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 


Juice  of  normal  beet  leaves i .  i6  0.0015 

Juice  of  normal  beet  leaves i  .07  

Juice  of  diseased  beet  leaves 5.61  o .0050 

Juice  of  diseased  beet  leaves 4 -30  0.0040 

Juice  of  normal  beet  leaves i .  10  0.0014 

Juice  of  normal  beet  leaves i .  17  0.0016 

Juice  of  diseased  beet  leaves 2 .72  0.0031 

Juice  of  normal  beet  leaves i .  19  0.0018 

Juice  of  normal  beet  leaves i .  2 1 

Juice   of   diseased   beet   leaves    (showing   only 

slight  symptoms) i .  5 1 


Experiments  given  in  Table  VIII  show  a  very  striking  difference  be- 
tween the  juice  of  the  normal  and  that  of  the  diseased  beet  leaves.  In 
all  of  the  experiments  the  oxidase  content  as  indicated  by  the  oxygen 
absorption  of  the  pyrogallol  in  the  presence  of  the  juice  is  markedly 
greater  in  the  diseased  than  in  the  healthy  leaves.  The  oxidase  content 
of  the  normal  leaves  seems  to  be  fairly  constant,  while  the  juice  of  the 
curly-top  beet  leaves  shows  wide  variations.  The  leaves  used  in  Experi- 
ment 3  give  about  5  times  as  high  a  figure  as  normal  leaves,  while  the 
leaves  chosen  in  Experiment  10  show  a  variation  of  only  25%  from  the 
normal.  It  is  very  interesting  to  note  that  the  deviation  in  oxidase  con- 
tent of  the  pathological  leaves,  as  measured  by  the  method  described,  runs 
parallel  with  the  appearance  of  the  leaves.  The  plants  used  in  Experiment  3 
showed  very  marked  signs  of  curly-top,  the  leaves  being  small  and  shriv- 
eled, and  the  hairy  roots  abundant,  while  the  diseased  beet  used  in  Experi- 
ment 10,  which  showed  a  relatively  low  oxidase  content,  but  still  higher 
than  normal,  had  only  a  slight  curling  of  the  leaves. 

It  is  fully  realized  that  these  experiments  are  subject  to  the  criticism 

» Shaw,  Harry  B.,  "The  Curly-Top  Disease  of  Beets,"  U.  S.  Dept.  of  Agr.,  Bureau 
of  Plant  Industry,  BuU.  181,  19 10. 


OXIDASE    CONTENT  OF   PLANT  JUICES.  -315 

that  the  juices  of  the  two  sets  of  leaves  as  prepared  for  the  experiments 
may  not  be  comparable.  It  may  be  merely  an  expression  of  the  fact 
that  one  set  of  leaves  is  richer  in  cells  than  the  other,  or  it  might  be  that 
one  is  richer  in  water  or  in  cellulose  than  the  other.  .  It  is  hoped  to  settle 
these  questions  in  a  future  communication  by  paralleling  the  oxidase 
determinations  with  determinations  of  water,  nitrogen,  etc.  Since  the 
pathological  leaves  had  in  some  cases  more  than  three  times  the  oxygen- 
absorbing  power  of  the  controls,  it  seems  hardly  possible,  however,  that 
this  symptom  can  depend  upon  mere  diflferences  in  the  composition  of  the 
leaves. 

Discussion  jof  Results. 

The  main  object  of  this  paper  is  to  describe  a  new  method  for  the  estima- 
tion of  oxidases  in  plant  juices.  The  method  has  been  tested  upon  a 
number  of  samples  of  potato  juice  and  found  to  give  results  in  good 
agreement.  There  are  still  slight  deviations  between  the  results  of 
duplicate  determinations  and  efforts  are  being  made  at  present  to  reduce 
these  to  a  minimum.  The  main  source  of  error  lies  in  the  rise  of  pressure 
within  the  oxidase  apparatus,  as  soon  as  the  shaking  is  begun.  ^ 

A  number  of  experiments  have  been  carried  out  in  which  the  influence 
of  the  variable  factors  of  the  method  on  the  end  result  has  been  studied. 
Incidentally  several  very  interesting  facts  came  to  light  in  the  course  of 
these  experiments.  The  most  important  of  these  perhaps  is  the  fact 
that  only  a  very  definite  and  limited  quantity  of  oxygen  is  absorbed  by 
P3rrogallol  in  the  presence  of  a  definite  quantity  of  potato  juice  within 
a  short  period  of  time,  say  2  or  3  hours.  Oxidation  of  the  pyrogallol 
will  proceed  after  that  time  but  at  a  rate  which  is  not  measurable  under 
the  conditions  of  the  experiment. 

The  concentration  and  total  quantity  of  pyrogallol  present  is  without 
effect  on  the  end  result,  provided  the  pyrogallol  is  in  excess.  Within  the 
limits  of  the  experiments,  the  amount  of  the  chemical  change  is  directly 
proportional  to  the  concentration  of  the  oxidase  present,  all  other  factors 
remaining  the  same ;  doubling  the  volume  of  potato  juice  added  doubles 
the  volume  of  oxygen  absorbed. 

Chodat'  working  with  Lactarius  juice  could  not  confirm  the  law  of  direct 
proportionality  which  he  and  Bach  propounded  for  the  action  of  per- 
oxidase, but  has  experimental  indications  that  the  discrepancy  is  due 
to  the  inadequacy  of  his  technique. 

These  facts  are  in  contradiction  to  our  conception  of  enzyme  action  in 
general.  We  are  accustomed  to  look  at  enzymes  as  catalytic  agents, 
quite  analogous  in  their  mode  of  action  to  the  inorganic  catalysts.     If 

*  At  present  this  difficulty  is  nearly  entirely  overcome  by  allowing  the  apparatus 
and  the  contents  to  stay  at  the  temperature  of  experimentation  for  at  least  30  minutes. 

*  **Mode  de  Taction  de  I'oxydase,''  Arch.  sci.  phys,  nat.,  19,  501. 
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the  substances  in  the  potato  juice  which  are  responsible  for  the  rapid 
absorption  of  oxygen  by  the  pyrogallol  were  enzymes  in  the  accepted 
sense  of  the  word  one  would  expect  small  quantities  of  the  juice  to  bring 
about  the  oxidation  of  relatively  large  quantities  of  pyrogallol  and  that 
the  oxidation  would  continue  as  long  as  pyrogallol  and  free  oxygen  are 
present,  or  until  the  activity  of  the  juice  is  lost  by  deterioration.  In  the 
reaction  discussed  in  this  article,  the  process  comes  to  completion  when 
only  a  small  definite  portion  of  the  pyrogallol  is  oxidized  and  while  there 
is  still  an  abundance  of  oxygen. 

It  seems  therefore  that  the  oxidase  in  potato  juice  accelerating  the 
oxidation  of  p3rrogallol  by  atmospheric  oxygen  is  not  an  enzyme  in  the 
customary  sense  of  the  word,  but  rather  a  substance  entering  directly 
into  the  reaction  and  destroyed  in  the  course  of  the  same. 

With  the  exception  of  a  few  isolated  cases  there  exists  no  conception 
of  what  the  composition  of  the  so-called* oxidases  is;  there  are  only  theories 
as  to  their  mode  of  action,  and,  on  account  of  tbe  diversity  of  the  reactions 
they  accelerate  or  bring  about,  as  the  case  may  be,  we  have  not  even  a 
satisfactory  definition  to  cover  all  of  them.  A  starting  point  in  their 
exact  study  must  be  made  and  it  seemed  to  the  writer  necessary  to  take 
one  type  of  reaction  after  another  and  correlate  them,  if  possible,  at  the 
end.  In  this  paper  only  the  oxidation  of  pyrogallol  by  atmospheric 
oxygen  has  been  considered  and  the  method  here  worked  out  serves 
simply  as  a  measure  of  the  weight  of  oxygen  that  pyrogallol  is  capable  of 
taking  up  in  neutral  aqueous  solutions,  due  to  the  interaction  of  a  certain 
volume  of  plant  juice. 

After  the  study  of  p)rrogallol  from  this  point  of  view  has  been  ex- 
hausted, other  compounds,  such  as  hydroquinone,  thymol,  tannic  add, 
various  sugars,  etc.,  will  be  used.  Then  the  reaction  of  the  medium  will 
be  varied.  It  is  hoped  that  on  the  basis  of  the  experiments  the  oxidases 
may  be  classified. 

Since  it  is  desirable  to  express  the  strength  of  the  juice  in  terms  of  some 
standard,  the  writer  proposes  as  a  unit  for  future  experiments  an  oxidase 
solution  of  such  strength  that  one  liter  of  it  will  be  capable  of  bringing 
about  the  consumption  by  pyrogallol  of  the  equivalent  of  i  gram  of 
hydrogen,  t.  e.,  of  8  grams  of  oxygen.  This  unit  of  '^strength"  may  not 
have  any  relation  to  the  rate  of  the  absorption  as  it  refers  here  explicitly- 
only  to  the  total  amount  absorbed.  It  is  customary  to  let  the  "activity" 
of  an  enzyme  be  measured  by  the  rate  of  action.  It  is  an  interesting 
question  for  future  investigation  whether  the  strength  of  an  oxidase 
solution  as  expressed  by  this  proposed  standard  is  proportional  to  the  rate 
at  which  the  absorption  takes  place. 
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A  HEW  MBTHOD  FOR  THE  DETERMINATION  OF  THE  REDUCINO 

SUGARS, 

By  B.  C.  Kbndall. 
Rcodvtd  Juttuuy  t.  1912. 

In  the  study  of  velocity  of  amyloly tic  action  it  became  desirable  to  de- 
termine with  the  greatest  possible  accuracy  the  reducing  sugars  resulting 
from  the  digestion  of  starch.  This  led  to  the  following  study  of  some 
modifications  of  Fehling's  reagent  with  a  view  to  establishing  the  optimum 
medium  and  conditions  for  a  gravimetric  method  of  determining  reducing 
power. 

Benedict^  and  others  have  pointed  out  the  fact  that  glucose  is  more 
readily  destroyed  with  sodium  hydroxide  than  with  sodium  carbonate, 
and  that  larger  amounts  of  copper  are  reduced  by  the  same  weight  of 
sugar  if  sodium  carbonate  is  used  in  place  of  sodium  hydroxide.  A  com- 
parison of  the  results  obtained  with  three  of  the  more  common  methods 
and  a  copper  solution  where  the  sodium  hydroxide  is  replaced  with  sodium 
carbonate  follows. 

50  mg.  of  glucose  reduces  according  to: 

MitiiMa  aod  Walker's  NaiOOa  tolutioa 

Dcfren's  method.  AlUhsi't  neUiod.  method.  rei>lficliiff  NeOH. 

S9.8  mg.  Cu.  98.2  mg.  Cu.  103. o mg.  Cu.  147  mg. 

We  thus  see  that  the  use  of  sodium  hydroxide  gives  only  about  two- 
thirds  of  the  amount  of  copper  reduced  which  may  be  obtained  with  the 
carbonate. 

After  a  series  of  experiments  with  the  various  alkalies,  it  was  found 
that  potassium  carbonate  was  the  one  best  suited  to  furnish  the  alka- 
linity. As  the  reducing  power  of  glucose  decreases  with  increase  in  the 
volume  of  the  solution,  it  is  necessary  to  have  the  volume  of  the  solutions 
containing  the  copper  and  alkali  which  are  added  to  the  sugar  solution 
as  small  as  possible.  Potassium  carbonate  is  better  than  sodium  car- 
bonate, being  much  more  soluble  and  having  a  slight  advantage  in  giv- 
ing more  copper  reduced  for  the  same  weight  of  glucose.  Some  experi- 
ments showing  the  relation  between  these  two  carbonates  are  as  follows: 
50  mg.  of  glucose  gave  with 

5  g.  sodimn  carbonate,  129.8  mg.  copper. 
10  g.  sodium  carbonate,  133.3  mg.  copper. 
15  g.  sodimn  carbonate,  133.3  mg.  copper. 

All  conditions  being  the  same  with 

12  g.  potassium  carbonate,  1404  mg.  copper. 
14  g.  potassium  carbonate,  142.8  mg.  copper. 
16  g.  potassium  carbonate,  140.4  mg.  copper. 

'  y.  Biol.  Chem.,  3,  loi  (1907);  5,  485  (1908). 
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Having  found  that  potassium  carbonate  was  best  suited  to  furnish  the 
alkalinity  to  the  copper  solution,  it  still  remained  to  determine  whether 
a  better  medium  than  Rochelle  salts  could  be  found  to  hold  the  copper 
in  solution. 

Some  results  according  to  Munson  and  Walker's  method  showed  that 
unless  the  spontaneous  reducing  power  of  the  alkaline  tartrate  solution 
is  determined  and  allowed  for,  the  results  obtained  will  be  considerably 
too  high.  Some  results  we  obtained,  using  the  method  of  Munson  and 
Walker,  but  not  allowing  for  the  reducing  power  of  the  tartrate  solu- 
tion, are: 


Sugar  taken. 

Copiler  found. 

Sugar  equivalent 
given  in  table. 

60 

126.5 

62.4 

60 

124.6 

61.4 

100 

203.0 

102.5 

100 

202.7 

102.3        • 

In  their  original  article^  Munson  and  Walker  give  a  series  of  figures 
showing  the  reducing  power  of  their  alkaline  tartrate  solution  from  day 
to  day  during  the  course  of  the  investigation.  These  results  varied 
from  o  to  2.0  mg.  of  cuprous  oxide.  Apparently  the  reducing  power 
of  the  alkaline  tartrate  solution  varies  with  different  samples  of  Rochelle 
salts  and  it  is  imperative  to  make  some  correction  for  all  samples  which 
we  have  examined. 

The  amount  of  copper  reduced  by  the  alkaline  tartrate  seems  to  be 
much  greater  when  the  redaction  takes  place  in  a  bath  of  boiling  water 
than  it  does  when  the  solution  is  heated  for  a  short  time  over  the  flame 
as  in  Munson  and  Walker's  method.  By  heating  for  20  minutes  in  a 
bath  of  boiling  water  50  cc.  of  the  mixed  Defren  solution  in  a  total  vol- 
ume of  150  cc.  may  reduce  as  much  as  7  mg.  of  copper.  Provided  the  re- 
duction was  caused  by  an  impurity  in  the  tartrate  it  would  be  possible 
to  free  the  solutions  from  such  impurities  by  treating  the  alkaline  tartrate 
with  a  copper  solution,  reduce  by  heating  in  a  bath  of  boiling  water,  fil- 
ter, and  use  the  resulting  solution  which  would  have  no  reducing  power 
of  its  own.  This  was  tried  and  it  was  then  found  that  when  such  a  solu- 
tion was  heated  again  in  the  boiling  water  a  second  reduction,  as  large  as 
the  first,  took  place.  If  the  cuprous  oxide  was  then  filtered  off  and  the 
solution  again  heated,  a  third  reduction  took  place.  Since  this  showed 
that  the  reduction  is  due  to  the  tartrate  itself,  and  that  a  previous  reduc- 
tion is  not  capable  of  removing  the  source  of  error,  it  seemed  imperative 
to  find  some  medium  other  than  Rochelle  salts  for  keeping  the  copper  in 
solution. 

Many  compounds  have  been  prop)osed  for  this  purpose,  among  which 

•  This  Journal,  28,  663;  29,  541. 
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may  be  mentioned  the  bicarbonate  solution  of  Soldaini^  and  the  citrate 
solution  proposed  by  Benedict.*  In  Benedict's  volumetric  method  for 
the  determination  of  sugar  the  disappearance  of  the  blue  color  is  taken  as 
the  end  point  of  the  titration  and  this  method  allows  of  an  accurate 
determination  of  the  sugar.  Experiments  were  therefore  made  to  see 
if  Benedict's  citrate  solution  could  be  adapted  to  a  gravimetric  method. 
It  was  then  fotmd  that  marked  changes  in  the  reducing  powers  of  the 
sugars  followed  changes  in  concentration  of  the  sodium  carbonate  and 
citrate. 

Thus,  using  50  mg.  of  glucose  and  2  g.  of  copper  sulfate  in  a  volume  of 
150  cc.,  the  following  weights  of  copper,  expressed  in  milligrams,  were  ob- 
tained under  the  conditions  as  given  below,  when  heated  for  20  minutes 
in  a  bath  of  boiling  water: 

Sodhm  cafboute.       SoiHiiin  caitioaAte,     Sodium  cttbonaie. 


Sodium  citrate. 
Grams. 

Mg. 

lOnma. 

15  pami 

5 

116. 5 

134- X 

144.2 

10 

xoo.o 

II7-3 

127.1 

15 

89.3 

107.9 

122. 0 

20 

65.3 

XOI.8 

XI7.8 

The  change  in  the  reducing  power  of  sugar  is  explained  only  in  part  by 
assuming  that  the  citrate  solution  dissolved  the  reduced  cuprous  oxide. 
This  was  shown  by  placing  150  mg.  of  ICahlbaum's  cuprous  oxide  in  each 
of  four  flasks  and  heating  it  under  identical  conditions  of  volume,  time, 
and  concentration  of  solution  as  in  the  above  experiments.  Oxidation 
of  the  cuprous  oxide  during  the  heating  was  prevented  by  displacing 
the  air  in  the  flask  with  illuminating  gas  and  closing  the  flask  with  a  two- 
hole  stopper. 

Determination  of  the  copper  content  of  150  mg.  of  the  cuprous  oxide 
used  showed  on  duplicate  determination  125.6  and  126.  i  mg.  of  copper, 
average  125.9  ^^S-  ^^  conditions  being  the  same  as  above,  the  follow- 
ing weights  of  cuprous  oxide  were  recovered  after  heating  for  20  minutes: 


Sodimn  dtrata. 
Grams. 

Soditim  carbonate. 
S  grama. 

Sodimn  carbonate. 
15  grams. 

5 

125.2 

«  ■    ■ 

10 

"33 

122.4 

15 

120.2 

122.4 

20 

118. 3 

122.1 

As  20  g.  of  sodium  citrate  in  the  presence  of  5  g.  of  sodium  carbonate 
could  dissolve  but  7 . 6  mg.  of  cuprous  oxide  the  low  results  obtained  with 
the  sugar  must  be  due  to  a  depression  of  the  reducing  power  of  the  sugar 
by  the  citrate.    The  results  of  other  experiments  in  which  the  weights 

^  Gas.  ckim.'Ual.f  6,  322. 

*  /.  Biol.  Chem.,  5,  485  (1908). 
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of  sugar  varied  showed  that  a  citrate  solution  does  not  furnish  a  satis- 
factory solution  in  a  gra\Tmetric  method. 

As  the  spontaneous  reduction  of  Rochelle  salts  and  the  depression  and 
variations  caused  in  the  reducing  power  of  sugar  by  sodium  citrate  are 
serious  objections  to  these  two  salts,  further  work  was  done  to  find  some 
other  agent  for  holding  the  copper  in  solution. 

Theoretically,  any  organic  compound  having  a  carboxyl  and  alcohol 
group  is  capable  of  holding  the  copper  in  solution  in  an  alkaline  mixture. 
Glycerol  and  mannite  have  also  been  suggested  as  possible  agents,  but 
they  do  not  furnish  a  convenient  solution  with  which  to  work.  Lactic 
acid  will  hold  the  copper  in  solution,  but  the  reducing  power  of  sugar  is 
but  slight  in  such  a  solution. 

Among  a  number  of  organic  compounds  which  were  tried,  salicylic 
acid  was  found  to  be  one  which  will  furnish  a  medium  for  the  reduction 
of  sugar,  but  which  has  no  reducing  power  of  its  own  and  will  not  dissolve 
the  cuprous  oxide. 

An  alkaline  salicylate  solution  replacing  the  alkaline  tartrate  showed 
no  reduction  of  copper  when  heated  in  a  bath  of  boiling  water  for  7  hours, 
and  the  following  results  show  that  there  is  no  appreciable  change  in  re- 
ducing power  with  small  clianges  in  concentration  of  the  salicylic  acid. 

50  mg.  glucose.     5  grams  sodium  carbonate  in  150  cc.  volume. 

3  grams  salicylic  acid,  125.7  mg.  copper. 

4  grams  salicylic  acid,  126.0  mg.  copper. 

5  grams  salicylic  acid,  125.7  mg.  copper. 

6  grams  salicylic  acid,  124.8  mg.  copper. 

Ftu'ther  experiments  showed  that  with  the  other  reducing  sugars, 
maltose,  lactose,  and  invert  sugar,  the  alkaline  salicylate  solution  fur- 
nishes a  satisfactory  medium  for  the  reduction  of  the  copper. 

It  now  remained  to  determine  what  weights  of  copper,  potassium  car- 
bonate and  salicylic  acid  give  the  optimum  conditions  for  the  reduction 
of  the  copper. 

In  Munson  and  Walker's  conditions  1.858  grams  of  copper  sulfate 
(crystalUne)  are  used  per  determination,  the  largest  weight  of  copper 
reduced  being  435.3  mg.  While  larger  amounts  of  copper  give  greater 
reducing  powers  to  the  sugars,  it  was  decided  to  use  two  grams  of  copper 
sulfate  (crystalline)  per  determination  and  limit  the  reduction  to  450 
mg.  of  copper. 

The  weights  of  potassium  carbonate  and  salicylic  acid  which  give  the 
optimum  conditions  for  maltose  were  determined  and  these  weights 
were  used  for  the  determination  of  the  reducing  power*  of  the  other  sugars. 

The  effect  of  varying  amounts  of  potassium  carbonate  and  salicylic 
acid  is  shown  in  the  following  table.  The  volume  was  I4i0  cc.  and  2  g. 
of  copper  sulfate  were  present : 
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-*■»■ — 

SAlkyUc 

add. 
Grams. 

PotaMfaun  carbonate. 

Mr 

12  f. 

14  g. 

15  «. 

100 

4 

i5»-7 

153.8 

154-9 

xoo 

5 

151-0 

157.1 

155.0 

100 

6 

149. 1 

1546 

154-8 

xoo 

7 

135.7 

150.4 

154.9 

These  and  other  detenninations  showed  that  15  grams  of  potassium 
carbonate,  5  grams  of  salicylic  acid,  and  two  grams  of  copper  sulfate  in  a 
total  volume  of  140  cc.  give  satisfactor>'  conditions  for  the  determina- 
tion of  maltose.  The  least  volume  of  water  which  will  conveniently  dis- 
solve the  copper  sulfate  is  15  cc.  and  the  least  volume  for  the  15  grams 
of  potassium  carbonate  is  25  cc.  While  it  would  be  possible  to  make  one 
solution  of  the  three  compounds,  it  was  found  that  both  copper  and  potas- 
sium salicylate  are  so  slightly  soluble  that  the  volume  of  sucli  a  solution 
would  be  too  great  to  give  satisfactory  results.  The  potassium  carbon- 
ate and  copper  sulfate  are  therefore  dissolved  in  water  and  added  sepa- 
rately to  the  sugar  solution  while  the  salicylic  acid  is  added  in  the  dry 
condition. 

In  regard  to  the  method  of  heating,  the  following  experiments  were 
carried  out  to  determine  whether  or  not  any  cuprous  oxide  was  lost 
during  the  heating  by  surface  oxidation : 

150  mg.  of  Kahlbaum's  cuprous  oxide  were  placed  in  each  of  four  flasks, 
15  grams  of  potassium  carbonate,  2  grams  of  copper  sulfate  and  5  grams 
of  salicylic  add  were  added  in  a  volume  of  140  cc. 

The  weight  of  copper  in  150  mg.  of  the  cuprous  oxide  used  was  found 
to  be  125.9  mg.  The  weights  of  copper  recovered  from  the  four  flasks 
after  the  treatment  indicated  below  were  as  follows : 

1.  Solution  boiled  over  free  flame  under  conditions  of  Munson  and 
Walker,  124.5  ™g-  copper  recovered. 

2.  Solution  heated  20  minutes  in  bath  of  boiling  water,  126.3  mg. 
copper  recovered. 

3.  Solution  heated  20  minutes  in  bath  of  boiling  water  with  surface 
covered  with  toluene,  125 . 7  mg.  copper  recovered. 

4.  Solution  heated  20  minutes  in  bath  of  boiling  water,  air  above  solu- 
tion being  displaced  with  illuminating  gas,  126.3  mg.  copper  recovered. 

These  results  showed  that  there  is  no  appreciable  loss  of  cuprous  oxide 
due  to  surface  oxidation  when  the  heating  is  continued  for  20  minutes 
in  the  boiling  water. 

The  two  methods  of  heating  which  have  been  used  for  the  reduction 
of  copper  with  sugar  are  by  heating  over  a  free  flame  or  in  a  bath  of  boil- 
ing water.  In  choosing  between  these  two  methods,  ease  of  operation, 
time  required,  and  accuracy  of  the  results  obtained  were  the  factors  con- 
sidered. 
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The  following  results  bear  on  this  point: 

The  conditions  of  the  solutions  in  each  of  the  following  sets  were  those 
found  to  be  the  optimum  conditions  for  determining  the  reducing  power 
of  sugars.  Volume  140  cc,  potassium  carbonate  15  grams,  salicylic 
acid  5  grams,  copper  sulfate  2  grams. 

Heating  in  Bath  op  Boiling  Water. 


lime. 
Min. 

10 

15 
20 

25 
30 
40 

50 


Glucoae, 

50  Tag. 

Mg.  Cu. 

132.7 

145  I 
149.8 

150.  t 

1550 
157  I 
159-9 


Invert  sugar. 

50  mc. 

Mg.  Cu. 


142 

154 

157 
162 

164 

166 


•4 
•5 
•7 
•4 
.9 
•9 
•3 


Lactose, 
100  mg. 
Mg.  Cu. 

123.6 

144.5 

154-4 
161 . 1 

165.4 

171 .6 

176.2 


Maltose, 
100  mg. 
Mg.  Cu. 

124.8 

144.8 

153 -I 

158.6 

163.3 
167.9 

172.2 


Heating  over  Flame. 


Total  time 

of  heating. 

Min. 

6 

8 

9 
12 

14 
16 

18 

20 


Time  of 

boiling. 

Min. 

2 

4 

5 
8 

10 

12 

14 
16 


Glucose, 

50  mg. 

.Mg.  Cu. 

112. 2 

134. 1 

137.1 
143.8 

143.0 

148.3 
150-4 
153-4 


Lactose, 
100  mg. 
Mg.  Cu. 

103.0 

132.8 

139.0 

154. 1 
T61.1 

163.6 

167.3 
169.4 


The  figures  in  the  first  line  of  the  last  table  above  give  the  weights  of 
copper  reduced  under  the  conditions  of  Munson  and  Walker.  It  is  ap- 
parent that  the  reduction  under  these  conditions  is  far  from  complete 
and  that  the  speed  of  reaction  at  this  point  is  too  great  to  allow  of  an  ac- 
curate determination  of  reducing  power.  The  reason  for  the  incomplete 
reduction  after  two  minutes*  boiling  is  undoubtedly  due  to  the  slower 
reaction  of  the  carbonate-salicylate  solution  than  of  the  hydroxide-tar- 
trate  solution. 

When  the  determinations  of  reducing  power  are  done  in  sets  of  four 
or  more  time  is  saved  per  determination  by  making  the  time  of  heating 
as  short  as  possible.  However,  it  is  evident  that  at  least  twelve 
minutes  of  boiling  over  a  flame  are  required.  When  the  time  of  heating 
is  limited  to  twelve  minutes  it  is  impossible  to  filter  one  set  while  the  fol- 
lowing set  is  being  heated,  but  if  the  time  of  heating  be  extended  it  is 
possible  to  give  one's  entire  attention  to  filtering  the  reduced  copper  and 
hence  there  is  no  actual  loss  of  time  per  determination. 

To  boil  a  solution  over  a  fiame  for  twelve  to  sixteen  minutes  requires 
more  or  less  attention  to  maintain  tmiform  conditions,  but  it  is  an  easy 
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matter  to  duplicate  conditions  of  heating  in  a  bath  of  boiling  water  and 
no  attention  is  required  during  the  heating.  Furthermore,  it  was  found 
that  the  results  obtained  by  heating  in  boiling  water  are  more  accurate 
than  those  obtained  by  boiling  the  solution.  After  twenty  minutes' 
heating  in  boiling  water  the  reaction  is  nearly  complete  for  glucose  and 
invert  sugar  and  there  is  only  a  slow  rate  of  reduction  for  lactose  and 
maltose.  As  heating  beyond  20  minutes  would  mean  a  needless  expendi- 
ture of  time,  it  was  decided  to  limit  the  reduction  for  all  of  the  sugars  to 
that  obtained  during  20  minutes*  heating  in  boiling  water. 

Although  the  salicylic  acid  is  employed  in  the  alkaline  solution  and 
must,  therefore,  exist  as  potassium  salicylate,  it  was  found  impossible 
to  replace  the  acid  with  sodium  salicylate  and  obtain  the  same  reducing 
power  for  maltose. 

The  following  results  show  the  difference  between  the  free  acid  and  the 
sodium  salt: 

Grams.  Sodium  talicylate.  Salicylic  acid. 


3 

117. 4 

141-3 

4 

126.0 

H3I 

5 

I3».9 

148.4 

6 

136.2 

148.7 

The  volume  was  125  cc,  2  g.  copper  sulfate,  11. 5  g.  potassium  car- 
bonate, and  100  mg.  of  maltose  being  present.  The  figures  are  milli- 
grams of  copper  reduced. 

When  the  salicylic  acid  and  sodium  salicylate  were  kept  constant  and 
the  potassium  carbonate  varied,  the  following  results  were  obtained : 

Salicylic  acid, 
3  grams. 
Mg.  Cu. 

145 -6 

146.8 

.    148. I 

151-9 

The  volume  was  125  cc,  2  g.  of  copper  sulfate  and  100  mg.  maltose 
were  used. 

Another  series  where  more  salicylic  acid  and  sodium  salicylate  were 
used  gave  the  following  results : 


Potaaaium  carbonate. 
Orama. 

Sodium  salicylate. 
3  grams. 
Mg.  Cu. 

15 

123. 1 

18 

125-7 

21 

130.4 

24 

135-8 

Potassium  carbonate. 
Grams. 

Sodium  salicylate. 
Orams. 

Cops>er. 

15 

6 

138.3 

18 

6 

142. 1 

21 

6 

144-3 

24 

6 

147.8 

Potasriiim  carbonate. 
Orams. 

SaUcylic  add. 
Grams. 

Copper. 

12 

6 

148. 1 

15 

6 

1526 

18 

6 

157-0 

21 

6 

158.3 
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Although  it  would  seem  to  make  no  difference  when  the  sugar  was  added 
to  the  solution  of  potassium-copper  salicylate,  experiment  showed  that  it  is 
necessary  to  add  the  copper  to  the  solution  and  not  vice  versa.  A  series 
where  15  g.  of  potassium  carbonate  and  5  g.  of  salicylic  acid  were  used 
and  100  mg.  of  maltose  were  added  to  this  solution  gave  152:6,  146.2, 
149. 1,  and  156.2  mg.  of  copper  reduced.  Under  identical  conditions, 
but  where  the  copper  solution  was  added  to  the  sugar,  the  following 
weights  of  copper  were  obtained:  154. 9,  155  o,  154. 8,  154.9. 

The  efiFect  of  mixing  the  sugar  and  alkaline  copper  solutions  and 
allowing  to  stand  in  the  cold  is  shown  by  the  following  results: 
To  four  flasks,  each  containing  100  cc.  of  water,  100  mg.  of  lactose 
and  25  cc.  of  copper  sulfate  (2  grams)  were  added.  At  intervals 
of  five  minutes,  12  grams  of  potassium  carbonate  and  3  grams  of  salicylic 
acid  were  added  to  the  four  flasks  in  succession.  The  flask  to  which  the 
potassium  carbonate  and  salicylic  acid  was  first  added  would  have  stood 
15  minutes  before  the  mixture  had  been  added  to  the  fourth  flask.  As 
soon  as  the  fourth  flask  was  ready  they  were  all  placed  in  the  boiling  water 
and  allowed  to  remain  20  minutes;  the  following  weights  of  copper  were 
obtained : 

Solution  stood  in  the  cold  15  min.,  149.8. 

Solution  stood  in  the  cold  10  min.,  147.4. 

Solution  stood  in  the  cold    5  min.,  146.3. 

Solution  stood  in  the  cold    o  min.,  146.5. 

These  results  show  that  the  sugar  can  stand  in  the  alkaline  copper 
solution  for  5-6  minutes  in  the  cold  without  any  appreciable  change,  but 
that  a  slight  reduction  will  occur  if  they  are  allowed  to  stand  10-15  niin- 
utes.  In  practice  2-3  minutes  is  all  that  is  needed  to  dissolve  the  salicylic 
acid  and  prepare  the  solutions  for  the  boiling  water. 

The  temperature  at  which  the  solutions  are  added  to  the  boiling  water 
is  without  appreciable  influence  between  18®  and  50°.  Four  solutions, 
each  containing  12  g.  potassium  carbonate,  3  g.  salicylic  acid,  2  g.  copper 
sulfate,  and  100  mg.  lactose,  when  placed  in  the  boiling  water  at  the  indi- 
cated temperature  gave  the  following  weights  of  copper  reduced: 

18**,  150.4  mg.  copper;  30°,  150.7  rag.  copper;  40**,  150.7  mg.  copper;  50**,  151.5 
mg.  copper. 

It  is  essential  to  have  the  boiling  water  heated  with  a  flame  large  enough 
to  cause  the  water  to  begin  boiling  within  1.5-2  minutes  after  the  addi- 
tion of  the  flasks  containing  the  sugar-copper  solutions. 

Two  flasks,  containing  12  g.  of  potassium  carbonate,  3  g.  of  salicylic 
acid,  2  g.  of  copper  sulfate,  and  120  mg.  of  lactose  in  125  cc,  were  placed 
in  the  boiling  water  with  a  flame  under  the  bath,  which  caused  the  water 
to  boil  within  i .  5-2  minutes  after  the  flasks  were  placed  in  the  bath. 
The  copper  reduced  at  the  end  of  20  minutes  was  175.5  and  176.3  mg. 
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Two  Other  flasks  containing  identical  solutions  were  placed  in  the  boil- 
ing water  with  a  flame  under  the  bath  which  caused  the  water  to  boil 
in  5-6  minutes  after  the  addition  of  the  flasks.  After  20  minutes  from 
the  time  the  flasks  were  placed  in  the  water  the  copper  reduced  was  167 . 9 
and  1 71. 8  mg.,  showing  lower  and  irregular  results. 

In  order  to  show  the  variations  caused  by  slight  differences  in  the 
weights  of  potassium  carbonate  and  salicylic  acid  added,  the  following 
series  of  determinations  were  made  under  identical  conditions  of  time 
and  volume.    The  volume  was  140  cc.  and  time  20  minutes: 

S«Ucylk 


Knate. 
WHS. 

add. 
Onuns. 

Olucow. 
SOfliff. 

Invert  augta, 
SOniff. 

LactOM, 
100  nc. 

MaltOM. 
100  nc. 

15 

4 

148.9 

155.2 

160.0 

1549 

15 

5 

149.2 

155.7 

157.2 

155.0 

15 

6 

•   •    • 

'56.7 

154.9 

154.9 

15 

7 

1500 

158.0 

151.4 

154.9 

13 

5 

151. 4 

•   •    ■ 

152.9 

153  0 

H 

5 

151-4 

158.3 

154.5 

154.6 

15 

5 

149.4 

155.7 

157.2 

155 -o 

16 

5 

149.4 

156. 1 

156.9 

156.3 

17 

5 

147.3 

«55.5 

160. 1 

158.4 

These  results  show  that  glucose,  maltose,  and  invert  sugar  vary  but 
slightly  for  differences  in  amounts  of  potassium  carbonate  and  salicylic 
acid  present  and  that  lactose  is  more  sensitive  in  this  respect. 

In  practical  determinations  of  sugar,  the  variations  in  the  weights  of 
potassium  carbonate  and  salicylic  acid  can  be  controlled  within  ±0.2 
g.  without  taking  any  special  precautions  and  it  is  apparent  that  such  a 
variation  causes  no  appreciable  change  in  the  reducing  power  of  any  of 
the  sugars. 

Determination  of  the  Copper  Reduced. 

In  a  recent  number  of  This  Journal  the  writer  described  a  method 
for  the  determination  of  copper  by  means  of  the  iodide  method.  The 
method,  as  there  described,  was  devised  primarily  for  the  determination  of 
copper  obtained  by  the  reduction  with  sugar.  It  differs  from  the  original 
iodide  method  in  that  the  solutions  are  prepared  for  titration  in  the  cold, 
thus  overcoming  the  delay  caused  by  boiling  the  solution  or  evaporating 
to  dryness. 

During  the  course  of  this  investigation  several  hundred  determina- 
tions of  copper  have  been  made  by  this  modification  of  the  iodide  method, 
and  these  results  show  that,  if  the  conditions  prescribed  are  followed, 
the  determination  of  copper  can  be  made  by  this  method  with  great  ac- 
curacy. Irrespective  of  the  way  the  reduced  copper  is  determined  it 
has  to  be  removed  from  its  filter,  and  the  most  convenient  way  to  do  this 
is  to  dissolve  it  in  nitric  acid.     The  iodide  method  allows  of  the  accurate 
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determination  of  the  copper  thus  dissolved,  hence  doing  away  with  drying 
and  weighing,  which  is  time-consuming  and  laborious. 

The  cuprous  oxide  reduced  by  the  sugar  is  filtered  on  a  glass  funnel 
such  as  is  usually  employed  to  hold  a  Gooch  crucible.  The  filter  is  made 
by  placing  a  perforated  porcelain  disk  in  the  bottom  of  the  funnel  and 
making  an  asbestos  felt  6  to  8  mm.  in  thickness.  A  porcelain  disk  should  be 
used  to  hold  the  asbestos,  as  glass  wool  retains  traces  of  the  alkaline  copper 
solution.  After  the  solution  has  been  filtered  with  suction  and  washed 
with  hot  water,  the  funnel  and  rubber  stopper  are  removed  from  the  suc- 
tion flask,  washed  free  from  any  copper  solution  which  may  adhere  to 
the  outside,  and  placed  on  a  350  cc.  suction  flask.  If  the  stopper  does  not 
fit,  the  top  of  the  flask  is  ground  smooth  on  a  carborundum  hone  so  that 
when  suction  is  applied  it  will  hold  the  stopper  down  tightly  over  the 
mouth.  Before  the  suction  is  applied  to  the  flask  the  cuprous  oxide  is 
dissolved  in  not  less  than  10  cc.  of  hot  nitric  acid  (i  part  of  acid  to  3  of 
water).  It  is  imperative  to  have  the  nitric  acid  hot  and  it  should  be 
contained  in  a  wash  bottle  which  delivers  a  small  stream.  The  flask  in 
which  the  reduction  takes  place  and  the  sides  of  the  funnel  are  washed 
with  the  hot  acid  and  then  the  asbestos  is  stirred  up  by  the  jet  from  the 
wash  bottle.  It  is  best  not  to  have  a  porcelain  disk  on  the  surface  of  the 
asbestos.  The  hot  nitric  acid  will  dissolve  only  a  trace  of  nitrous  oxide, 
but  if  cold  nitric  acid  is  used  large  amounts  of  nitrous  acid  will  be  dis- 
solved, which  will  prevent  the  accurate  determination  of  the  copper. 
When  all  of  the  cuprous  oxide  has  been  dissolved  the  suction  is  applied 
and  the  funnel  is  washed  with  several  additions  of  small  amounts  of  water 
— ^not  more  than  10-12  cc.  at  a  time.  The  wash  water  is  sucked  through 
each  time  before  more  is  added.  All  of  the  copper,  when  washed  in  this 
way,  can  be  removed  with  40-50  cc.  of  wash  water.  The  copper  in  solu- 
tion may  now  be  determined  as  described  in  the  method.* 

Preparation  and  Analysis  of  the  Sugars  Used. 

The  four  sugars  used  to  determine  the  relation  between  sugar  and  cop- 
per given  in  the  table  below  were  prepared  and  analyzed  as  follows: 

The  glucose  of  highest  purity,  furnished  by  Merck  &  Co.,  when  analyzed 
for  moisture  and  rotating  power  showed  0.16%  of  moisture  and  a  specific 
rotating  power  of  52 .68°.  As  the  specific  rotating  power  was  in  accord- 
ance with  that  given  by  Tollens  for  pure  glucose  no  further  purification 
was  considered  necessary. 

The  sucrose  was  prepared  from  Kahlbaum's  C.  P.  saccharose  by  the 
method  outlined  by  the  International  Commission  for  the  Unification 
of  Sugar  Analysis.  The  sample  thus  prepared  contained  0.13  per  cent, 
of  moisture  and  showed  a  specific  rotating  power  of  66.5°.* 

*  This  Journal,  33,  1947. 

^  The  sucrose  was  inverted  essentially  by  the  method  used  by  Munsou  and  Walker 
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The  lactose  was  prepared  from  Kahlbaum's  crystallized  lactose  by  dis- 
solving in  boiling  water,  filtering,  and  allowing  the  lactose  to  crystallize 
for  seven  days  from  this  solution.  These  crystals  were  dried  in  a  vacuum 
over  sulfuric  acid  for  three  days,  ground  into  a  powder,  and  again  dried 
in  vacuum  over  sulfuric  acid.  The  determination  of  moisture  showed 
5.62%  of  water.  One  molecule  of  water,  corresponding  to  the  formula 
CijHgOjiHjO,  requires  5.0%  of  water,  therefore  the  sample  thus  prepared 
contained  0.62%  excess  water  calculated  as  lactose  hydrate.  Its  specific 
rotating  power  calculated  as  C,jH„0„H,0  was  52.51**. 

The  maltose  was  prepared  by  letting  barley  diastase  act  on  soluble 
starch  as  described  by  Baker  and  Day^  and  Baker.'  The  maltose  thus  pre- 
pared was  dried  in  an  electric  oven  at  70-80^  for  15-18  hours,  and  was 
then  ground  and  passed  through  a  6o-mesh  sieve.  The  moisture  deter- 
mination showed  5.33%  of  water.  As  maltose  hydrate,  Ci^H^On . H,0, 
requires  5%  of  water  there  was  present  0.33%  excess  water.  The  specific 
rotating  power  was  137.3®. 

The  rotating  power  of  all  preparations  was  determined  with  sodium  light, 
using  a  4  decimeter  tube  in  a  Schmidt  and  Haensch  polariscope  at  20®. 
The  solutions  were  10%  of  sugar,  except  for  maltose,  which  was  5%. 
The  solutions,  except  for  sucrose,  were  allowed  to  stand  24  hours  at  room 
temperature  to  destroy  the  multirotation. 

The  water  content  of  all  preparations  were  determined  as  follows:  Two 
grams  of  the  sample  in  a  small  weighing  bottle  was  placed  in  the  bottom 
of  a  4-inch  desiccator  which  had  a  suction  outlet  in  the  lid.  Around  the 
weighing  bottle  was  placed  a  wire  gauze  collar  about  i .  75  inches  in  diam- 
eter. This  wire  gauze  supported  a  Petri  dish  of  3  inches  diameter 
which  contained  phosphorus  pentoxide.  A  second  Petri  dish  of  almost 
the  same  diameter  as  the  desiccator  was  supported  above  the  first  Petri 
dish  by  three  wire  supports  at  a  distance  of  0.5  inch  above  the  lower 
Petri  dish.  This  top  Petri  dish  acted  as  a  cover  and  prevented  the  phos- 
phorus pentoxide  from  dusting  when  the  suction  was  released.  After 
placing  the  cover  on  the  desiccator  it  was  placed  inside  an  electric  oven 
and  connected  with  stout  suction  hose  to  a  Gaede  pump.  The  tempera- 
ture of  the  oven  was  kept  for  lactose  at  130*^,  maltose  no**,  sucrose  and 
glucose  100°,  for  4-5  hours.  The  suction  was  maintained  during  the  en- 
tire time  of  heating.  At  intervals  of  one  hour  the  weighing  bottle  was 
taken  out  of  the  desiccator  and  weighed.  When  heating  for  one  hour 
produced  a  change  of  less  than  0.5  mg.  the  heating  was  discontinued. 
Duplicate  determinations  were  made  in  all  cases. 

by  heating  for  30  minutes  in  boiling  water  with  N/io  HCl,  using  20  cc.  for  every  100 
cc.  final  volume.  The  solution  was  barely  neutralized  with  N/io  sodium  hydroxide, 
cooled  and  filled  at  20°  to  the  mark  of  graduation. 

»  Analyst,  33,  393  (i90«)- 

'  y.  Ckem.  Soc.,  1902,  1177. 
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Determination  of  Relation  between  Sugar  and  Copper. 

For  maltose  and  lactose  the  sugar  was  weighed  out  in  such  quantities 
as  to  make  5  mg.  per  cc.  of  solution,  allowance  being  made  for  the  pres- 
ence of  the  water;  the  weights  of  sugar  were  calculated  as  maltose  and 
lactose  hydrate,  CuHj^On .  Hfi. 

For  invert  sugar  and  glucose,  solutions  were  made  which  contained 
2.5  mg.  of  sugar  calculated  as  C,H„0,. 

The  temperature  of  graduation  of  both  flasks  and  burets  was  20^. 

The  Reducing  Power  of  the  Sugars 

was  determined  as  follows:  The  varying  weights  of  sugar  as  indicated 
below  were  measured  into  200  cc.  Erlenmeyer  flasks  and  the  volume  in 
each  case  made  up  to  100  cc.  with  distilled  water.  5  grams  of  salicylic 
acid  were  now  added  to  each  of  four  flasks  containing  the  sugar  to  be 
determined.  Fifteen  cc.^  of  copper  sulfate  solution  and  then  25  cc. 
potassium  carbonate^  solution  were  added  to  each  of  the  flasks  without 
any  agitation  of  the  solution.  It  was  found  necessary  to  observe  this 
order  for  the  addition  of  the  reagents.  The  flasks  were  then  shaken  with 
a  rotary  motion.  The  precipitate  of  copper  carbonate  dissolved,  forming 
a  dark  green  solution.  As  soon  as  the  salicylic  add  dissolved  the  four 
flasks  were  put  in  a  holder  and  placed  in  a  bath  of  boiling  water.'    The 

^  The  copper  sulfate  solution  is  prepared  by  dissolving  133.33  grains  of  CuSO^. 
5H,0  per  liter  of  water;  15  cc.  of  such  a  solution  contains  2  grams  of  copper  sulfate. 

'  The  potassium  carbonate  solution  contains  600  g.  of  anhydrous  potassium  car- 
bonate per  liter.  25  cc.  of  this  solution  contains  15  g.  of  potassium  carbonate.  As 
potassium  carbonate  is  hygroscopic  it  is  necessary  £0  drive  off  all  water  before  making 
up  the  solution.  This  is  done  by  heating  the  carbonate  for  3-4  hotus  at  a  temperature 
from  190^  to  200°.  A  sample  of  the  salt  thus  treated  when  heated  in  a  small  test 
tube  should  not  give  any  evidence  of  liberation  of  water.  The  carbonate  solution 
should  be  made  up  in  a  liter  or  other  size  graduated  flask  and  should  be  diluted  almost 
to  the  proper  volume  well  mixed,  and  then  adjusted  to  the  mark  of  graduation. 

*The  water  bath  used  during  this  investigation  was  one  10  inches  in  diameter 
and  6V,  inches  deep.  It  contained  4  liters  of  water.  The  level  of  the  water  could 
be  maintained  constant  by  using  the  ordinary  constant  water  level  bath,  or  by  means 
of  a  syphon  acting  between  the  water  bath  and  a  reservoir  of  water  of  constant  level. 
The  syphon  for  constant  use  must  have  a  T  or  Y  tube  inserted  at  its  hi^^iest  point. 
A  20  cc.  pipet  closed  at  one  end  with  rubber  hose  and  pinchcock  is  connected  with  the 
T-tube.  To  start  the  syphon  both  ends  are  placed  under  water  and  (the  pinchcock 
being  open)  the  air  is  withdrawn  from  the  pipct.  When  the  pipet  is  full  of  water 
the  pinchcock  is  closed.  Any  bubbles  of  air  liberated  from  the  water  in  the  tube  of 
the  syphon  will  rise  to  the  highest  point  of  the  tube  and  will  there  be  caught  in  the 
pipet,  displacing  the  water.  Should  the  pipet  become  filled  with  air  the  syphon  may 
be  re-established  by  again  withdrawing  the  air  through  the  rubber  tube  and  pinchcock. 
The  end  of  the  syphon  which  is  in  the  water  bath  must  have  a  small  opening  (about 
*  ^K  in.).  If  a  large  opening  is  used  the  water  when  boiling  may  syphon  out  of  the  bath. 
The  diameter  of  the  rest  of  the  syphon  may  be  of  any  sized  tubing. 

The  flame  under  the  water  bath  was  supplied  by  one  large-sized  Fletcher  and  t^vo 
Bunsen  burners.     The  water  should  be  boiling  vigorously  when  the  flasks  are  placed 
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flame  under  the  bath  must  be  of  such  size  that  boiling  begins  within  i  .5-2 
minutes  after  addition  of  the  flasks.  At  the  end  of  twenty  minutes  from 
the  time  the  flasks  were  placed  in  the  bath  the  solutions  were  filtered  and 
the  copper  determined  as  described  above. 

Tablb  I. 

Wciifrt  01  _  Wm^k  Off 


Iflvcrt  fucar.  toctf.  Lactotc.  Maltote. 


10        30.4  30.2  30.9  30.7  20  31.9  32.1  31.0  30.3 

30         60.9  61.8  63.2  62.4  40  64.0  62.5  61.0  61.3 

30         90.2  90.6  94.4  94.7  60  95.5  95.2  93.4  92.3 

40       120.0  120.  I  126.5  126.8  80  124.5  125.0  123.6  123.6 

50         148. I  149.9  «57-5  156.7  »oo  137.7  157.7  154.6  154.6 

60         Z76.8  179.2  188.2  186.4  '30  287.4  286.3  187.9  187.2 

_,  J217.5  219.7?  o  o 

70        206.1  207.4  \  li  140  218.5  217.0  219.2  218.5 

'  ^  /217.5  215. 6\  ^  ^  #  JO 

80     233.8  233.8  l^^^;^  ♦248.0I  '^  ^^^'^  ^^^-7  ^^°"^  ^^"^-^ 

90    261.3  263.3  276.1  276.1  180  279.0  278.4  278.6  280.x 


100    288.0  289.2    302.6  302.6    200 


233.8 

233.8 

261.3 

263.3 

288.0 

289.2 

316.2 

314.7 

343.1 

341-5 

367.7 

367.7 

391-2 

393.0 

309-6  ♦3«3  6 

3"0.9  ♦312.4 

no         316.2     314.7         330.8     330.7         220        338.7     337-1         342-2     3422 


120  343.1  341.5  359.4  358.6  240  Uel.oS^^^'^  ^"^^'^  ^^^'^ 
130  367.7  367.7  3855  386.4  260  397.3  397-1  403.2  401.6 
140         391-2     393.0        410.9     410.9         280        424-9    427  o        431 


150         418.5     418.5        438.1     438.1         300        455.6    454.3 
160         443-3     442.1         462.1     460.9 


r429.4 
$  459-4  458.1 
)*456.2  *454.3 


m  the  water  and  all  of  the  flames  should  be  burning.  As  soon  as  the  water  has  begun 
to  boil  after  the  addition  of  the  flasks  (which  should  be  in  less  than  two  minutes)  the 
two  bunsen  burners  are  turned  out  as  the  Fletcher  burner  is  sufficient  to  maintain 
the  boiling. 

In  the  practical  application  of  this  method  for  the  determination  of  the  reducing 
sugars,  it  is  most  convenient  to  make  a  ^et  of  4  determinations  at  once.  A  rack  is  made 
to  hold  the  4  flasks  as  follows:  a  brass  rod  V4  inch  in  diameter  and  14  inches  long  is 
erected  at  the  center  point  and  perpendicular  to  a  brass  disk  8  inches  in  diameter  and 
V«  inches  thick.  This  disk  forms  the  bottom  upon  which  the  flasks  are  placed.  Another 
disk  of  the  same  size  as  the  bottom  one,  but  with  a  hole  */,s  inch  in  diameter,  slides 
up  and  down  the  rod.  Four  holes  i'>^2  inches  in  diameter  are  drilled  through  this 
second  disk«  the  centers  of  the  holes  being  arranged  symmetrically  2  V^  inches  from  the 
center  of  the  disk«  This  top  disk  being  lifted  up  the  four  flasks  are  placed  on  the  bot- 
tom of  the  holder.  When  the  top  disk  is  lowered  the  flasks  will  pass  through  the 
four  holes,  and  as  the  opening  is  only  sufficiently  large  to  allow  the  neck  of  the  flask 
to  pass  throu^,  the  flasks  are  held  secure.  A  hook  at  the  end  of  the  rod  is  used  to 
hang  the  entire  holder  from  a  support  above  the  bath  at  such  a  height  that  the  rack 
sinks  in  the  water  up  to  the  level  of  the  top  disk.  In  the  bottom  disk  a  number  of 
Vs-inch  holes  are  drilled  so  that  the  rack  may  be  placed  in  and  removed  from  the  water 
with  ease.  When  the  flasks  are  removed  from  the  rack  the  solutions  arc  filtered  im< 
mediately  on  four  suction  flasks. 
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Using  this  method  of  procedure  the  results  in  Table  I  were  obtained  for 
the  indicated  weights  of  sugar.  All  of  the  results  which  were  obtained 
are  given,  but  the  ones  which  were  not  used  in  the  calculation  of  the 
curve  are  starred : 

From  these  results  the  following  equations  showing  the  relation  be- 
tween sugar  and  copper  were  deduced  by  means  of  the  method  of  least 
squares.* 

In  the  equations  X  refers  to  weights  of  copper  reduced,  Y  to  weights 

of  sugar  reacting: 

Glucose X  «-  — 0.17  -f  3.0923  Y  —  0.002026  Y* 

Invert  sugar • X  =  —  i  .30  +  3.2918  Y  —  0.002455  Y" 

Lactose X  -       0.59  +  1.5786  Y —  0.000217  Y" 

Maltose..... X  -  —  1.69  +  1.5988  Y —  0.000187  Y* 

The  weights  of  sugar  given  in  Table  IV  were  substituted  in  the 
proper  equation  and  the  corresponding  values  of  X  were  found.  The  diflFer- 
ences  between  the  values  thus  calculated  and  actually  found  is  given 
in  Table  II. 

By  means  of  the  equation  the  copper  equivalent  to  weights  of  mal- 
tose and  lactose  from  20  to  300  mg.  were  calculated  for  every  4  mg.  of 
sugar.  With  glucose  and  invert  sugar  the  copper  equivalent  for  every 
two  mg.  of  sugar  from  10  to  160  was  found.  This  gave  a  series  of  points 
which  differed  by  about  six  mg.  of  copper.  These  figures  were  changed 
to  integral  weights  of  copper  and  hence  decimal  weights  of  sugar.  The 
figures  lying  between  each  six  mg.  of  copper  were  interpolated,  the  inter- 
polations being  carried  to  the  second  decimal  place.  The  complete  table 
giving  the  relation  between  the  four  reducing  sugars  and  copper  for 
every  mg.  of  copper  from  30  to  450  mg.  is  given  in  Table  IV. 

A  comparison  of  the  reducing  power  of  the  sugars  obtained  by  this 
method  with  that  obtained  with  other  methods  in  use  is  given  in  Table  III. 

Tablb  IV. 

Invert 
Cuprous  Cupric  Glucose.  sugar.  Lactose.  Maltose. 

Copper.  oxide.  oxide.  Mg.  Mg.  Mg.  Mg. 

Mg.  Mg.  Mg.  C«HiaOe.  CeH,sOc.  CuHssOn.HsO.  CisHiaOii.HiO. 

30  33-8  37-6  9-8  9-6  19.3  19.9 

31  34.9  38.8  10.2  9.9  20.0  20.5 

32  36.0  40.1  10.5  10.2  20.6  21. 1 

33  37-2  41.3  IO-8  10.5  21.2  21.7 

34  38.3  42.6  II. I  10.8  21.8  22.4 

35  39-4  43-8  11.5  "i  22.5  23.0 

36  40.5  45.1  II. 8  II. 4  23.1  23.6 

37  417  4^-3  12. I  II. 8  23.7  24.3 

38  42.8  47.6  12.4  12. 1  24.4  24.9 

39  43-9  48-8  12.8  12.4  25.0  25.5 

40  45.0  50.1  13. 1  12.7  25.6  26.1 

^  A  good  example  of  the  use  of  this  method  is  given  in  AUihn's  original  article, 
y.  prakl.  Chem.f  22,  46  (1880). 
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Tab 

Ut  IV  (Coni 

SffUMd). 

Cog«. 

Cnproos 

oxide. 

Mff. 

Cnpric 
Mg. 

Olncooe. 

Mg. 
CiUtfOo. 

Invert  H 

•umr.           LactoM. 
Mg.                  Mg. 
C^iiOo.  C„HttO„.H|0. 

MaltOM. 
Mg. 
CisHttOuH 

41 

46.2 

51.3 

13.4 

13.0 

26.3 

26.8 

42 

47-3 

52.6 

13.8 

13.3 

26.9 

27 -4 

43 

48.4 

53.8 

14. 1 

13.6 

27.5 

28.0 

44 

49.5 

55.x 

14-4 

13.9 

28.1 

28.7 

45 

50.7 

56.3 

14.8 

14.2 

28.8 

29.3 

46 

51.8 

57.6 

15. 1 

145 

29.4 

29.9 

47 

52.9 

58.8 

»5-4 

14.8 

30.0 

30.6 

48 

540 

60.1 

15.7 

15.2 

30.6 

3x2 

49 

55-2 

61.3 

16.1 

15-5 

31-3 

318 

50 

56.3 

62.6 

16.4 

15-8 

31.9 

32.4 

51 

57.4 

63  8 

16.7 

x6.i 

32.5 

33.1 

52 

58.5 

65.1 

17. 1 

16.4 

33.2 

33.7 

53 

59.7 

66.3 

»7.4 

16.7 

33-8 

34.3 

54 

60.8 

67.6 

»7.7 

17.0 

34-4 

35  0 

55 

6Z.9 

68.8 

18. 1 

17.3 

35.0 

35.6 

56 

63.0 

70.1 

18.4 

17.6 

35-7 

36.2 

57 

64.2 

71-3 

18.7 

17-9 

36.3 

36.9 

58 

65.3 

72.6 

19.1 

18.3 

36.9 

37-5 

59 

66.4 

73.9 

19.4 

18.6 

37-6 

38.1 

60   . 

67.6 

75.1 

19.7 

X8.9 

38.2 

38.8 

61 

68.7 

76.4 

20.0 

19.2 

38.8 

39.4 

62 

69.8 

77.6 

20.4 

19*5 

39.4 

40.0 

63 

70.9 

78.9 

20.7 

19.8 

40.1 

40.7 

64 

72.1 

80.1 

21.0 

20.1 

40.7 

41-3 

65 

73.2 

81.4 

21.4 

20.5 

41-3 

41.9 

66 

74.3 

82.6 

21.7 

20.8 

41-9 

42.5 

67 

75.4 

83.9 

22.0 

21. 1 

42.6 

43.2 

68 

76.6 

85.1 

22.4 

21.4 

43.2 

43.8 

69 

77.7 

86.4 

22.7 

21.7 

43.8 

44.4 

70 

78.8 

87.6 

23.0 

22.0 

44-4 

45.1 

7J 

79.9 

88.9 

23.4 

22.3 

45- 1 

45-7 

72 

81. 1 

90.1 

23-7 

22.7 

45-7 

46.3 

73 

82.2 

91.4 

24.0 

23.0 

46.3 

47  0 

74 

833 

92.6 

24.4 

23.3 

46.9 

47.6 

75 

84.4 

93.9 

24.7 

23.6 

47-5 

48.2 

76 

85.6 

95.1 

25.0 

239 

48.1 

48.9 

77 

86.7 

96.4 

254 

24.2 

48.8 

49.5 

78 

87.8 

97.6 

25-7 

24-5 

49-4 

50.1 

79 

88.9 

98.9 

26.0 

24.9 

500 

50.8 

• 

80 

90.x 

100. 1 

26.4 

25.2 

50.7 

51.4 

81 

91.2 

101.4 

26.7 

25.5 

51.3 

52.0 

82 

92.3 

102.6 

27.1 

25.8 

51-9 

52.7 

83 

93.4 

103.9 

27.4 

26.1 

52.6 

53.3 

84 

94.6 

105. 1 

27.7 

26.4 

53.2 

53.9 

85 

95.7 

106.4 

28.1 

26.8 

53.9 

54-6 

86 

96.8 

107.6 

28.4 

27.  z 

54-5 

55.2 

87 

97.9 

108.9 

28.7 

27 -4 

55.1 

55.8 

88 

99.1 

no.  I 

29.1 

27.7 

55.8 

56.5 
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TablB  IV  (Contin 

ued). 

Cuprous 
>pper.            oxide.                < 
Ms.                 ICg. 

Cnpric 

oxide. 

Hg. 

Gluoote. 

Mg. 
CeHijO*. 

Invert 

Lactoie. 
ICg. 

Ci,HaOi,.H,0. 

MaltOM. 
Ci9HifOiA.C 

89               3 

[00.2             1 

111.4 

29.4 

28.0 

56.4 

57.1 

90               ] 

toi.3             1 

:i2.7 

29.7 

28.3 

57.1 

57.7 

91               1 

[02.4             1 

[13.9 

30.1 

28.7 

57-7 

58.3 

92               ] 

[03.6             1 

[15.2 

30.4 

29.0 

58.4 

58.9 

93              1 

[04.7             1 

[16.4 

30.8 

29.3 

59  0 

59.6 

94             3 

[05.8             1 

[17.7 

31. 1 

29.6 

59.7 

60.2 

95              ^ 

106.9             ^ 

[18.9 

31.4 

29.9 

60.3 

60.9 

96             1 

[08.1             ] 

[20.2 

31.8 

30.2 

60.9 

61.5 

97             1 

[09.2             1 

[21.4 

32.1 

30.6 

61.6 

62.2 

98             ] 

tio.3             ] 

r22.7 

32.4 

30.9 

62.2 

62.8 

99              1 

[II. 5             1 

123.9 

32.8 

31.2 

62.8 

63.4 

100             ] 

L12.6             ] 

125.2 

33.1 

31.5 

63.5 

64.1 

lOI                   ] 

113.7             J 

[26.4 

33-5 

31.8 

64.2 

64.7 

102             ] 

114.8             ] 

127.7 

33.8 

32.2 

64.8 

65 -3 

103             ] 

[16.0             ] 

[28.9 

34.1 

32.5 

65.4 

66.0 

104             1 

[17.1             ] 

130.2 

34.5 

32.8 

66.1 

66.6 

105             ] 

[18.2             1 

131.5 

34.8 

33.1 

66.8 

67.2 

106             ] 

119.3             1 

132.7 

35.2 

33.4 

67.4 

67.8 

107             1 

120.5             ^ 

134.0 

35.5 

33.8 

68.0 

68.5 

108             ) 

[21.6                1 

135.2 

35-9 

34.1 

68.7 

69.1 

109             1 

[22.7            ] 

[36.5 

36.2 

34.4 

69.3 

69.8 

no              ] 

123.8          1 

137.7 

36.6 

34.7 

70.0 

70.4 

III            ] 

[25.0          ] 

139.0 

36.9 

35.0 

70.6 

71.1 

112             : 

[26.1             ] 

[40.2 

37.2 

35.4 

71.3 

71.7 

113             ^ 

[27.2            ] 

141. 5 

37.5 

35.7 

71.9 

72-3 

114             ] 

[28.3          1 

142.7 

37.9 

36.0 

72.6 

73.0 

115             1 

129.4         1 

[44.0 

38.2 

36.3 

73-2 

73.6 

116             1 

[30.6          ] 

145.2 

38.5 

36.7 

73.8 

74.2 

117             1 

131.7         J 

^46. 5 

38.9 

37  0 

74-5 

74.9 

118             1 

132.8       ] 

^7-7 

39.2 

37-3 

75  I 

75.5 

119             ] 

[34.0         1 

[49.0 

39-6 

37-6 

75.8 

76.2 

120             1 

135- I             1 

150.2 

39.9 

37.9 

76.4 

76.8 

121             1 

[36.2             1 

^51. 5 

40.3 

38.3 

77.1 

77-4 

122             1 

137 -4             1 

152.7 

40.6 

38.6 

77-7 

78.1 

123             1 

^38. 5             J 

1540 

40.9 

38.9 

78.4 

78.7 

124             1 

[39.6             1 

1 55-2 

41.3 

39  •  2 

79.0 

79.4 

125             ] 

[40.7             ] 

156.5 

41.6 

39-5 

79-7 

80.0 

126             ] 

[41.9             ] 

157.7 

42.0 

39-9 

80.3 

80.6 

127             ] 

143.0             1 

'59.0 

42.3 

40.2 

81.0 

81.3 

128             ] 

[44.1             ] 

[60.2 

42.6 

40.5 

81.6 

81.9 

129             ] 

145.2             1 

161.5 

43.0 

40.8 

82.3 

82.5 

130             ^ 

[46.4             ] 

[62.7 

43.3 

41.2 

82.9 

83.2 

131             J 

147.5             ^ 

[64.0 

43.7 

41.5 

83.6 

.      83.8 

132             ) 

[48.6             1 

165.2 

44.0 

41.8 

84.2 

84.5 

133             ^ 

[49.7             ] 

166.5 

44-4 

42.1 

84.9 

85.2 

134             ^ 

150.9             1 

167.7 

44-7 

42.5 

85.5 

85.8 

135             1 

152.0             ] 

169.0 

45- 1 

42.8 

86.2 

86.5 

136             ] 

153- I              3 

170.2 

45.4 

43- » 

86.8 

87.1 
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Tablb  IV  (ConHnued). 

• 

Copper. 
Mg. 

'  CnpRNis 
oxide. 
Ms. 

Cupric 

caad: 

ICg. 

Olttoow. 

Uff. 

C«HisOt. 

Invert 
C«UtfO«. 

LactOM. 

Ms. 

C,«HMOn.H,0. 

Maltose. 
CitH.,Su.H,0 

137 

154.2 

171.5 

45.7 

43.4 

87-4 

87. T 

138 

155.4 

172.7 

46.1 

43.8 

88.1 

88.3 

139 

156.5 

174.0 

46.4 

44.1 

88.7 

88.9 

140 

157-6 

175.2 

46.8 

44.4 

89-4 

89.6 

141 

158.7 

176.5 

47.1 

44-7 

90.0 

90.2 

142 

159-9 

177.7 

47-5 

45-1 

90.7 

90.8 

"43 

161 .0 

179.0 

47.8 

45-4 

91.3 

91.5 

144 

162.  X 

180.2 

48.1 

45.7 

92.0 

92.1 

H5 

163.2 

181.5 

48.5 

46.0 

93.6 

92.8 

146 

164.4 

182.7 

48.8 

46.4 

93.3 

93.4 

147 

165.5 

184.0 

49.2 

46.7 

93.9 

94.0 

148 

166.6 

185.2 

49.5 

47.0 

94.6 

94.7 

H9 

167.7 

186.5 

49.9 

47.4 

95.3 

95.3 

150 

168.9 

187.8 

50.2 

47.7 

95.9 

96.0 

151 

170.0 

189.0 

50.6 

48.0 

96.6 

96.6 

152 

171. 1 

190.3 

50.9 

48.3 

97.2 

97.2 

153 

172.3 

191.5 

51.3 

48.7 

97-9 

97-9 

»54 

173-4 

192.8 

51.6 

49  0 

98.5 

98.5 

155 

174.5 

194.0 

52.0 

49.3 

99.2 

99.2 

156 

175.  ' 

195.3 

52.3 

49.6 

99.8 

99.8 

157 

176.8 

196.5 

52.7 

50.0 

100.5 

100.4 

158 

177-9 

197-8 

53.0 

50.3 

101. 1 

101. 1 

159 

179.0 

199.0 

53.4 

50.6 

101.8 

10X.7 

160 

180.1 

300.3 

53.7 

50.9 

102.4 

102.4 

161 

181.3 

201.5 

54.0 

51.3 

103.1 

103.0 

162 

182.4 

202.8 

54 '4 

51.6 

103.7 

103.6 

163 

183.5 

204.0 

54.7 

51.9 

104.4 

104.3 

164 

184.6 

205.3 

55.1 

52.3 

105,0 

104.9 

165 

185.8 

206.5 

55.4 

52.6 

105.7 

105.6 

166 

186.9 

207.8 

55.8 

52.9 

106.3 

X06.2 

167 

188.0 

209.0 

56.1 

53-3 

107.0 

X06.8 

168 

189.1 

210.3 

56.5 

53.6 

107.6 

107.5 

169 

190.3 

211. 5 

56.8 

53-9 

108.3 

108.  X 

170 

191.4 

212.8 

57.2 

54.2 

108.9 

X08.8 

171 

192.5 

3X4.0 

57.5 

54-6 

109.6 

109.4 

172 

193.6 

215.3 

57.9 

54«9 

1 10. 2 

110. 1 

173 

194.8 

216.5 

58.2 

55-2 

no. 9 

1x0.7 

»74 

195.9 

217.8 

58.6 

55.6 

III. 6 

XXX. 3 

175 

197.0 

219.0 

58.9 

55.9 

1x2.2 

XX2.0 

176 

198.1 

220.3 

59.3 

56.2 

1X2. 9 

XX2.6 

177 

199.3 

221.5 

59.6 

56.6 

1135 

113-3 

178 

200.4 

222.8 

1 

60.0 

56.9 

114.2 

113.9 

179 

201.5 

224.0 

60.3 

57.2 

114.9 

"45 

180 

202.6 

225.3 

60.7 

57.6 

"5-5 

XX5.2 

181 

203.8 

226.5 

61.0 

57-9 

1x6. 1 

115. 8 

182 

204.9 

227.8 

61.4 

58.2 

X16.8 

116.5 

183 

206.0 

229.0 

61.7 

58.6 

117.4 

1x7.1 

184 

207.1 

230.3 

62.1 

58.9 

118.1 

117.8 
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• 

Tab 

LS  IV  (CofllMilMcl). 

Copper. 
Mg. 

CupnMw 

oiddtt. 

Mg. 

Cuntic 

oxide. 

lU. 

OlllCOM. 

Mg. 

CtHiiOe. 

Invert 

■ngar.            Lactose. 
Mg'                   Mg. 
COIifO..  CiHmOu.HsO. 

Meltow. 
C,>HaS'„JH^ 

185 

208.3 

231-5 

62.4 

59.2 

1x8.8 

XX8.4 

186 

209.4 

232.7 

62.8 

59.6               ] 

119. 4 

XX9. 

187 

2x0.5 

234.0 

63.x 

59.9               1 

[20.I 

1x9.7 

188 

2x1.7 

235.3 

63.5 

60.2               ] 

[20.7 

120.3 

189 

2X2.8 

236.5 

63.9 

60.6               ] 

[2X.4 

X2X.O 

190 

2139 

237.8 

64.3 

60.9               ] 

[22. 0 

X2I.6 

191 

2X5.0 

239.0 

64.6 

6X.2                  ] 

[22.7 

122.3 

192 

2X6.2 

240.3 

64.9 

6x.6             ] 

123.3 

X23.9 

193 

2X7.3 

241.5 

65.3 

6X.9             ] 

[24.0 

123. 6 

194 

218.4 

242.8 

65.6 

62.2             ] 

124.7 

124.2 

195 

219-5 

244.0 

66.0 

62.6             1 

125.3 

124.8 

196 

220.7 

245.3 

66.3 

62.9             1 

[26.0 

125.5 

197 

22X.8 

246.5 

66.7 

63.3             ] 

[26.6 

126.  X 

198 

222.9 

247.8 

67.0 

63.6             1 

127.3 

126.8 

199 

224.0 

249.0 

67.4 

63.9             1 

127.9 

127.4 

200 

225.2 

250.3 

67.8 

64.2             ] 

[28.6 

X28.I 

201 

226.3 

251.5 

68.x 

64.6             1 

[29.2 

X28.7 

202 

227.4 

252.8 

68.5 

64.9             1 

129.9 

129.4 

203 

228.5 

254.0 

68.8 

65.2             ] 

[30.6 

X30.0 

204 

229.7 

255.3 

69.2 

65.6             ] 

[31.2 

130.6 

205 

230.8 

256.5 

69.5 

65.9             J 

131.9 

i3>.3 

206 

231-9 

257.8 

69.9 

66.2             ] 

132.5 

131.9 

207 

233.0 

259.0 

70.3 

66.6             1 

133.2 

X32.6 

208 

234.2 

260.3 

70.6 

66.9             ] 

133.8 

133.2 

209 

235.3 

261.5 

71.0 

67.3             i 

134-5 

133.9 

2x0 

236.4 

362.8 

7».3 

67.6             1 

^352 

134.5 

2IX 

237.6 

264.0 

71.7 

67.9             1 

135-8 

135.2 

2X2 

238.7 

265.3 

73.0 

68.3             ] 

^36.5 

135.8 

213 

2398 

266.5 

72.4 

68.6             ] 

137. 1 

136. 5 

214 

240.9 

267.8 

73.7 

69.0             ] 

W.8 

137. 1 

215 

242.1 

269.0 

73.1 

69.3                3 

138.5 

137.8 

2X6 

243.2 

270.3 

73.4 

69.6                1 

139.1 

138.4 

217 

244.3 

271.5 

73.8 

70.0                ] 

^39- 8 

139. 1 

2X8 

245 -4 

272.8 

74.2 

70.3                 1 

[40.4 

139.7 

219 

246.6 

274.1 

74.5 

70.7                 1 

[4X.X 

140.3 

220 

247.7 

275.4 

74.9 

7X.O                ] 

[4X.8 

X41.0 

221 

248.7 

276.6 

75.2 

71.4                1 

142.4 

X41.6 

222 

249.9 

277.9 

,     75.6 

7X.7                 ] 

143. 1 

142.3 

223 

25X.0 

279.x 

76.0 

72.0                ] 

'43. 7 

142.9 

224 

252.x 

280.4 

76.3 

73.4                ] 

'44.4 

143.6 

225 

253.3 

28X.6 

76.7 

72.7                 1 

145. 1 

144.2 

226 

254.4 

282.9 

77.0 

73.1                 3 

145.7 

144.9 

227 

255.6 

284.x 

77.4 

73.4                 3 

[46.4 

145.5 

228 

256.7 

285.4 

77.8 

73.7                  3 

147.0 

X46.3 

229 

257.  s 

286.6 

78.x 

74.x                  ] 

'47. 7 

146.8 

230 

258.9 

287.9 

78.5 

74-4             3 

148.4 

147.5 

23X 

260.1 

289.1 

78.8 

74.8             ] 

149.0 

X48.1 

232 

261.2 

290.4 

79.2 

75.x             ] 

149.7 

X48.8 
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Tablb  IV  {ConHmud). 

V- 

ooddc. 
Ms. 

Cuahc 

03ddc. 

Ms. 

Glncow* 

Ms. 

C»HtgO«. 

Invert 

■ufar.            LactoM. 

lit.                  Ms. 

C«H„0«.  C„H3,0„.HsO. 

M«ltoM. 

c„hm6„.H20. 

253 

262.3 

291.6' 

79.6 

75.4                J 

'50.3 

149.4 

234 

263.^ 

292.9 

79.9 

75.*^                J 

[51.0 

150.1 

235 

264.6 

294.1 

80.3 

76.1                 ] 

151.7 

150.7 

236 

265.7 

295 -4 

80.6 

76.5                  5 

152.3 

151.4 

237 

266.8 

296.6 

81.0 

76. H                ] 

153.0 

152.0 

23« 

26S.O 

297.9 

81.4 

77.2                1 

153.6 

152.6 

239 

269.1 

299.1 

81.7 

77.5                ^ 

0 

154.3 

1533 

240 

270.2 

300.4 

82.1 

77.8                ] 

155.0 

153.9 

241 

271 -3 

301.6 

82.5 

78.2                ] 

'55.6 

154.6 

242 

272.5 

302.9 

82.8 

78.5                ^ 

156.3 

155.2 

243 

273.6 

304.1 

83.2 

78.9                1 

^57.0 

155.9 

244 

274-7 

305.4 

83.5 

79.2                1 

157.6 

156.5 

245 

275-8 

306.6 

83.9 

79.6                ] 

158.3 

157.2 

246 

277.0 

307.9 

84.3 

79-9             1 

'59.0 

157.8 

247 

278.1 

309.1 

84.6 

80.2             ] 

^59.6 

158.5 

248 

279.2 

310.4 

85.0 

80.6             ] 

160.3 

159-1 

249 

280.3 

3". 6 

85.4 

80.9             ] 

160.9 

159.8 

250 

281.5 

312.9 

85.7 

81.3             1 

161.6 

160.4 

251 

282.6 

3H.I 

86.1 

81.6             ] 

[62.2 

161. 1 

252 

283.7 

315-4 

86.5 

82.0             1 

162.9 

161.7 

253 

284.8 

316.6 

86.8 

82.3             ] 

163.6 

162.4 

254 

286.0 

317.9 

87.2 

82.7             1 

164.2 

163.0 

25s 

287.1 

319.1 

87.6 

83.0             I 

164.9 

163.7 

256 

288.2 

320.4 

87.9 

83.4             1 

165.6 

164.3 

257 

289.3 

321.6 

88.3 

83.7             1 

[66.2 

165.0 

258 

290.5 

322.9 

88., 

84.1              ] 

166.9 

165.6 

259 

291.6 

324.1 

89.0 

84.4             ] 

167.6 

166.3 

260 

292.7 

325.4 

89.4 

84.8             ) 

[68.2 

166.9 

261 

293.8 

326.6 

89.8 

85.1             ] 

168.9 

167.6 

262 

295.0 

327.9 

90.1 

85.5             1 

169.5 

168.3 

263 

296.1 

329.1 

90.5 

85.8             ] 

[70.2 

168.9 

264 

297.2 

330.4 

90.8 

86.1             : 

170.9 

169.6 

265 

298.3 

331.6 

91.2 

86.5             : 

[71.6 

170.2 

266 

299.5 

332.9 

91. '» 

86.8             ] 

172.2 

170.9 

267 

300.6 

234.1 

91.9 

87.2             : 

172.9 

171.5 

268 

301.7 

335.4 

92.3 

87.5             3 

173.5 

172.2 

269 

302.8 

336.7 

92.7 

87.9             J 

174.2 

172.8 

270 

304.0 

33«.o 

93.1 

88.2             1 

174.9 

173.5 

271 

305.1 

339.2 

93.4 

88.6             ] 

175.5 

174.1 

272 

306.2 

340.5 

93.8 

88.9             ) 

176.2 

174.8 

273 

307.3 

341.7 

94.2 

89.3             ^ 

176.9 

175.4 

274 

308.5 

343.0 

94.5 

89.6             ] 

177.5 

176.1 

275 

309.6 

344.2 

94.9 

90.0             ] 

L78.2 

176.7 

276 

310.7 

345.5 

95.3 

90.3             ] 

178.9 

177.4 

277 

311.9 

346.7 

95.6 

90.7             ] 

179-5 

178.0 

278 

313.0 

348.0 

96.0 

91. 1             1 

[80.2 

178.7 

279 

314.1 

349.2 

96.4 

91.4             3 

L80.9 

179.3 

280 

3»5.2 

350.5 

96.7 

91.8             ] 

[81.5 

180.0 
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Tabls  IV  {ConUnued), 


Copper. 

Cttptous 

oxide. 

Ms. 

SB 
oacic 

Kg 

ric 

le. 

Glttcose. 
Mff. 

CeHuOa. 

Invert 
msar. ' 
Ug. 
C«Ht.O«. 

Lactoie. 
Mff. 
CisHaOu.HfO. 

Maltose. 
Cirfi2.0„.K 

281 

316.4 

351  • 

■7 

97.1 

92.1 

182.2 

180.6 

282 

317.5 

353 

0 

97.5 

92.5 

182.9 

181. 3 

283 

318.6 

354  ■ 

2 

97-9 

92.8 

183.5 

181. 9 

284 

319.7 

355. 

5 

98.2 

93-1 

184.2 

182.6 

285 

320.9 

356. 

7 

98.6 

93-5 

184.9 

183.2 

286 

322.0 

358. 

.0 

99  0 

93-9 

185-5 

183.9 

287 

323.1 

359 

.2 

99.4 

94.2 

186.2 

184.6 

288 

32>.2 

360 

'5 

99-7 

94.6 

186.9 

185.2 

289 

325-3 

361 

•7 

100. 1 

94-9 

187.6 

185.9 

290 

326.4 

363 

,0 

100.  <; 

95-3 

188.2 

186.5 

291 

327 -5 

364 

.2 

100.8 

95.6 

188.8 

187.2 

292 

328.7 

365 

•5 

101.2 

96.0 

189. 

187.8 

293 

32:). 9 

366 

.7 

101.6 

96.3 

190. 1 

188.5 

294 

331 -o 

368 

.0 

101.9 

96.7 

190.8 

189. 1 

295 

332.1 

369 

.2 

102.3 

97.1 

191.4 

189.8 

296 

333-3 

370 

•5 

102.7 

97-4 

192. 1 

190.4 

297 

334.4 

371 

•7 

103. 1 

97.8 

192.8 

191. 1 

298 

335-5 

373 

.0 

103.4 

98.1 

193.5 

191. 8 

299 

336.6 

374. 

.2 

103.8 

98.5 

194.2 

192.4 

300 

337.8 

375  < 

•5 

104.2 

98.9 

194.9 

193. 1 

301 

338.9 

376. 

-7 

104.6 

99.2 

195.6 

193.7 

302 

340.0 

378. 

.0 

105.0 

99.6 

196.2 

194.4 

303 

341. 1 

379 

.2 

105.3 

99.9 

196.9 

195.0 

304 

342 . 3 

380. 

■5 

105.7 

100.3 

197.6 

195.7 

305 

343.4 

381 

■7 

X06.1 

100.6 

198.3 

196.3 

306 

344.5 

383 

.0 

106.4 

lOI.O 

198.9 

197.0 

307  ' 

345-6 

384 

.2 

106.8 

101.3 

199.6 

197.6 

308 

346.8 

385 

•5 

107.2 

101.7 

200.3 

198.3 

309 

347.9 

385 

7 

107.6 

102. 1 

200.9 

199.0 

310 

349.0 

388. 

0 

107.9 

102.4 

201.6 

199.6 

311 

350.1 

389. 

2 

108.3 

102.8 

202.3 

200.3 

312 

351.3 

390. 

5 

108.7 

103.1 

202.9 

200.9 

313 

352.4 

391. 

'7 

109. 1 

103.5 

203.6 

201.6 

314 

353.5 

393. 

.0 

109 -5 

103.8 

204.3 

202.2 

315 

354.6 

394- 

.2 

109.8 

104.2 

204.9 

202.9 

316 

355-8 

395- 

5 

no. 2 

104.6 

205.5 

203.6 

317 

356.9 

396. 

7 

no. 6 

104.9 

206.2 

204.2 

3x8 

358.0 

398 

.0 

III.O 

105.3 

206.8 

204.9 

319 

359.1 

399 

2 

III. 4 

105.6 

207.5 

205.5 

320 

360.3 

400, 

■5 

III. 7 

106.0 

208.2 

206.2 

321 

361.4 

401 

•7 

112. 1 

106.4 

208.9 

206.8 

322 

362.5 

403 

.0 

112. 5 

106.7 

209.6 

207.5 

323 

363.7 

404 

.2 

112. 9 

107. 1 

210.3 

208.2 

324 

364.8 

405 

•5 

113.2 

107-5 

211. 0 

208.8 

325 

365.9 

406 

.7 

113. 6 

107.8 

211. 7 

209.5 

326 

367.0 

408. 

0 

114. 0 

108.2 

212.3 

210. 1 

327 

368.2 

409 

.2 

114.4 

108.5 

213.0 

210.8 

328 

369.3 

410 

.5 

114. 8 

108.9 

213.6 

211. 5 
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Tabls  IV  {C(miiniied). 

Copper. 
Mf. 

Cupraus 
oxide. 

Invert 
Capric             OIucom.            ragmr. 
oxide.                  lie.                  Ug. 
Hg.               C«HiiO,.          C«H,sO«. 

Loctooe. 

Mg 

C.fHflOit.HiO 

Maltose. 
CiaHaSn.!!^ 

329 

370.4 

411. 8              ] 

115. 1              1 

109.3 

214.3 

212.1 

330 

3715 

413. I              3 

115.5              ^ 

109.6 

214.9 

212.8 

331 

372.7 

414-3              1 

fi5-9             1 

[lO.O 

215.6 

213.4 

332 

373-8 

413.6              1 

[i6.3             ] 

110..^ 

216.3 

214.1 

333 

374-9 

416.8              ] 

116.7             1 

[10.7 

217.0 

214.7 

334 

376.0 

418.1              1 

[17.0             1 

[11.1 

217.7 

215.4 

335 

377.2 

3«9.3             1 

117.4             J 

[11. 5 

218.4 

216. 1 

336 

378.3 

420.6             ] 

[17.8*            1 

[11.8 

219.1 

216  7 

337 

379-4 

421.9             1 

[18.2             1 

[12.2 

219.8 

217.4 

338 

380.5 

423.1              1 

:i8.6             ] 

[12. 5 

220.4 

218.0 

339 

381.7 

424.4             ] 

[19.0             ] 

[12. 9 

221.  I 

218.7 

340 

382.8 

425.6             ] 

[19.4             1 

113. 3 

221.7 

219.3 

341 

383.9 

426.9             1 

[19.8             1 

113.6 

222.4 

220.0 

342 

385  0 

428.1             ] 

120.1             1 

[I4.O 

223.0 

220.7 

343 

386.2 

429.4             1 

120.5             J 

114.4 

223.7 

221.3 

344 

387.3 

430.6             1 

[20.9             ] 

114.7 

224.4 

222.0 

345 

388.4 

431-9             ' 

121.3             J 

[I5.I 

225.1 

222.6 

346 

389.6 

433.1              1 

121.7             ] 

115-5 

225.8 

223.3 

347 

39U.7 

434-4             1 

[22.1                  ] 

115.8 

226.5 

224.0 

348 

391.8 

435-6             ] 

[22.4                  ] 

116.2 

227.2 

224.6 

349 

392.9 

436.9             1 

[22.8                  ] 

[16.6 

227.9 

225.3 

350 

394.0 

438.1             1 

[23.2                  1 

[17.0 

228.5 

225.9 

351 

395.2 

439.4             1 

[23.6                  1 

117-3 

229.2 

226.6 

352 

396.3 

440.6             ] 

[24.0                  1 

[17.7 

229.9 

227.3 

353 

397-4 

441.9             1 

124.3                  1 

[18.1 

230.6 

227.9 

354 

398.6 

443.1             1 

[24.7                  1 

[18.4 

231.2 

228.6 

355 

399.7 

444.4             J 

125.1                  1 

[18.8 

231.9 

229.2 

35'' 

400.8 

445.7             1 

125.5                  1 

[19.2 

232.6 

229.9 

357 

401.9 

446.)             1 

125-9                  J 

^195 

233.2 

230.6 

358 

403.1 

448.1             1 

126.3                  J 

[19.0 

233.9 

231.2 

359 

404.2 

449.4             1 

[26.7                  1 

[20.3 

234  6 

231 -9 

360 

405.3 

450.6             1 

[27.1                  1 

[20.7 

235.3 

232.6 

361 

406.4 

451-9             1 

127.5                  ' 

[21. 0 

236.0 

233.2 

362 

407.6 

453.1             ] 

[27.9                  1 

[21.4 

236.6 

233.9 

363 

408.7 

454-4             1 

[28.2                  1 

[21.8 

2373 

234-5 

364 

409.8 

455.6             1 

[28.6                 1 

[22.1 

238.0 

235.2 

365 

410.9 

456.0             1 

[29.0                 ] 

[22.5 

238.7 

235.9 

366 

412. 1 

458.1             ] 

129.4                 ^ 

[22.9 

239.4 

236.5 

367 

4>3.2 

459-4             1 

[29.8                 ] 

[23.2 

240.1 

237.2 

368 

4*4. 3 

460.6             ] 

[30.2                  1 

[23.6 

240.7 

237.8 

369 

415.4 

461.9             1 

[30.6                 ] 

[24.0 

241.4 

238.5 

370 

416.6 

463.1             1 

131    0                 1 

124.3 

242.1 

239.2 

371 

417.- 

464.4             1 

[31.4                 1 

124.7 

242.8 

239.8 

372 

418.8 

465 -6              ] 

131.8             : 

[25.1 

243.5 

240.5 

373 

420.0 

466.9              ] 

132.1              ] 

125-5 

244.1 

241.2 

374 

421.1 

468.1              1 

132.5             ^ 

125.8 

244-8 

241.8 

375 

422.2 

469.4              ] 

132.9             1 

[26.2 

245.5 

242.5 

376 

423.3 

470.6             ] 

133.3             ^ 

126.6 

246.2 

243.1 

340 
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Table  IV  (Continued). 

Copper. 
tfsr. 

Cttprons 

oadde. 

Mg. 

Cunric 
oxide. 

Invert 
dttcoM.              sugar. 
tfsr.                  Mg. 

C,H»,Oa.           C.H„06. 

I«acto8e. 
Mg. 

C,sH»On.HsO. 

Malto* 
C,>HbO„. 

377 

4245 

471. 9 

X33.7               ^ 

127.0 

246.8 

243.8 

378 

425 -6 

473  0 

134. I               ^ 

127.4 

247.5 

244.5 

379 

426.7 

474.3 

134.5 

127  7 

248.2 

245.1 

380 

427.8 

475.6 

134.9 

[28.1 

248.9 

245.8 

381 

429.0 

476.8 

135.3 

[28.5 

249.6 

246.5 

382 

430- 1 

478.1 

135.7 

[28.8 

250.2 

247.1 

383 

431.2 

479.3 

136.1 

129.2 

250.9 

247.8 

384 

432.3 

480.6 

136.5               ^ 

[29.6 

251.6 

248.5 

385 

433.5 

481.8 

136.9               ] 

130.0 

252.3 

249.1 

386 

434.6 

483.1 

137.3               1 

130. 3 

253.0 

249.8 

387 

435-7 

484.3 

»37.7             1 

130.7 

253.6 

250.4 

388 

436.8 

485.6 

138.0             1 

[31.1 

254.3 

251.1 

389 

438.0 

486.9 

138.4             ] 

131.5 

255.0 

251.8 

390 

439.x 

488.2 

138.8             ] 

131.9 

255 -7 

252.4 

391 

440.2 

489.4 

139.2             ] 

132.2 

256.4 

253.1 

392 

441.3 

490.7 

139,6             1 

132.6 

257.0 

253.8 

39  > 

442.4 

491.9 

140.0             ] 

133.0 

257.7 

254.4 

394 

443-6 

493.2 

140.4             ] 

'33. 4 

258.4 

255.1 

395 

444-7 

494.4 

140.8             ] 

133.8 

259.1 

255.8 

396 

445.9 

495.7 

141. 2             ] 

134.2 

259.8 

256.4 

397 

447.0 

496.9 

141. 6             ] 

134.5 

260.5 

257.1 

398 

448.1 

498.2 

142 .0            : 

'34. 9 

261. 1 

257.8 

399 

449.2 

499.5 

142.4            ] 

135.3 

261.8 

258.4 

400 

450.3 

500.7 

142.8                  ! 

135.7 

262.5 

259.1 

401 

451-5 

502.0 

143.2                  ] 

136.1 

263.2 

259.8 

402 

452.6 

503.2 

143.6                  ] 

136.4 

263.9 

260.4 

403 

453.7 

504.5 

144.0                  ] 

136.8 

264.5 

261. 1 

404 

454.8 

505.7 

144.4                  ^ 

137.2 

265.2 

261.8 

405 

.  456.0 

507.0 

144.8                  ] 

137.6 

265.9 

262.4 

406 

457.x 

508.2 

145.2                  1 

137.9 

266.6 

263.1 

407 

458.2 

509.5 

145.6                  1 

138.3 

267.3 

263.8 

408 

459-4 

510.7 

146.0                  ] 

138.7 

267.9 

264.4 

409 

460.5 

512.0 

146.4                  ] 

^39.1 

268.6 

265.1 

410 

461.6 

513.2 

146.8                  ] 

139.5 

269.3 

265.8 

411 

462.7 

514.5 

147.2                  1 

139.9 

270.0 

266.4 

412 

463.8 

515.7 

.147.6                  1 

[40.2 

270.7 

267.1 

413 

465.0 

517.0 

148.0                  ] 

[40.6 

271.4 

267.8 

414 

466.1 

518.2 

148.4                  1 

[41.0 

272.1 

268.4 

415 

467.2 

419.5 

148.8                  1 

[41.4 

272.8 

269.1 

416 

468.4 

520.7 

149.2                 3 

[41.8 

273.5 

269.7 

417 

469.5 

522.0 

149.6                 ] 

[42.2 

274.1 

270.4 

418 

470.6 

523.2 

150.0                 ] 

[42.6 

274.8 

271. 1 

419 

471.8 

524.5 

150.4                 ] 

143.0 

275.5 

271.8 

420 

472.9 

525.7 

150.8                 1 

143.3 

276.2 

272.4 

421 

474.0 

527.0 

151.2            : 

143^.7 

276.9 

273.1 

422 

475.1 

528.2 

151.6            ] 

[44.1 

277,6 

273.8 

423 

476.2 

529.5 

152.0            ] 

144.5 

278.3 

274.4 

424 

477.4 

530.7 

152.4            J 

144.9 

278.9 

275.1 
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Tablb  IV  (Conlffintfd). 

Cwr. 

Cuprous 

oxide. 

Mff. 

Cupric 
oxide. 

Mr 

Olucoee. 

Mr 

C«H,tO«. 

Lactow. 
Mg. 
CtfHuOit.HfO. 

Mdtow. 
Ms. 
CisHnOii.HsO. 

425 

478 

.5 

532.0 

152. 

145.3 

279.6 

275.8 

426 

479 

,  J 

533.2 

153.2 

145.7 

280.3 

276.5 

427 

480 

.7 

534.5 

X53.6 

146. 1 

280.9 

277.1 

428 

481 

9 

535-7 

1540 

146.4 

281.6 

277.8 

429 

483 

0 

537.0 

154.4 

146.8 

282.3 

278.5 

430 

484 

.1 

538.2 

154.8 

147.2 

282.9 

279.1 

431 

485 

3 

539.5 

1553 

147.6 

283.6 

279.8 

432 

486 

.4 

540.7 

«55.7 

148.0 

284.3 

280.5 

433 

487 

■5 

542.0 

156. 1 

148.4 

285.0 

281. 1 

434 

488 

•6 

533.2 

156.5 

148.8 

285.7 

281.8 

435 

489 

■7 

544.5 

156.9 

149.1 

286.4 

282.5 

436 

490 

9 

545.7 

157.3 

149.5 

287 . 1 

283.1 

437 

492 

.0 

547.0 

157.7 

149.9 

287.8 

283.8 

438 

493 

.1 

548.2 

158. 1 

150.3 

288.5 

284.5 

439 

494 

3 

549.5 

158.5 

150.7 

289.2 

285.2 

440 

495 

4 

550.7 

158.9 

151.1 

289.9 

285.8 

441 

496 

•5 

552.0 

159.3 

151.5 

290.6 

286.5 

442 

497 

.6 

553.2 

159.8 

151.0 

291.3 

287.2 

443 

498 

,8 

554.5 

160.2 

152.3 

292.0 

287.8 

444 

499 

•9 

555.7 

160.6 

152.7 

292.7 

288.5 

445 

501 

.0 

557.0 

161. 0 

153.1 

293.4 

289.2 

446 

502 

.1 

558.2 

161. 4 

153.5 

294.1 

289.8 

447 

503 

.2 

559.5 

161. 8 

153.9 

294.8 

290.5 

448 

504 

4 

560.7 

162.2 

154.3 

295.5 

291.2 

449 

505 

'5 

562.0 

162.6 

154.7 

296.2 

291.9 

450 

506 

.6 

563.3 

163.0 

1551 

296.9 

292.5 
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Fanioiis  Q&emistB.    By  E.  Robsrts,  B.Sc.    New  York:  The  MacMillan  Company, 
pp.  243.     Price,  I0.80  net. 

The  book  contains  very  brief  accounts  of  the  lives  and  researches  of 
Stahl,  Boyle,  Black,  Cavendish,  Priestley,  Scheele,  Lavoisier,  Berthollet, 
Dalton,  Davy,  Gay-Lussac,  Berzelius,  Faraday,  Dumas,  Wdhler,  Liebig, 
Graham,  Btmsen,  Hofmann,  Pasteur,  Williamson,  Prankland,  Kekuli, 
Mendel6eff,  Perkin,  and  V.  Meyer.  The  author  says  in  the  preface:  "The 
object  of  this  little  book  is  to  give  an  accoimt  of  the  chief  work  of  the  most 
famous  chemists,  and  to  indicate  briefly  the  part  played  by  each  in  the 
development  of  the  science."  While  the  names  of  a  few  of  "the  most 
famous  chemists"  are  lacking  in  the  list,  the  accotmts  which  are  given 
are  in  the  main  satisfactory.  However,  the  book  contains  a  few  errors, 
the  most  serious  of  which  are  listed  below. 

P.  52,  "Lavoisier  showed  that  respiration  is  analogous  to  combustion." 
This  fact  had  long  been  known.  P.  59,  "Chemists,  up  to  the  beginning 
of  the  nineteenth  century,  considered  it  a  self-evident  fact  that  sub* 
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stances  combine  in  fixed  proportions."  On  p.  8i,  it  is  stated  that  Davy 
established  the  elementary  nature  of  iodine;  it  was  Gay-Lussac  who 
did  this.  And  on  p.  85,  Gay-Lussac  is  given  credit  as  the  sole  discoverer 
of  the  law  which  had  previously  been  discovered  by  Charles.  On  p. 
91,  it  is  stated  that  Berzelius  in  his  atomic  weight  work  availed  himself 
of  Dulong  and  Petit's  law.  As  a  matter  of  fact,  Berzelius  was  not  well 
disposed  towards  this  law.  Late  in  his  life  {(Jdhresberichi,  1842,  p.  6) 
he  discussed  the  changes  in  his  atomic  weights  proposed  in  1840  by  Reg- 
nault,  as  the  result  of  his  specific  heat  determinations,  and  accepted  the 
further  halving  of  his  atomic  weight  for  silver;  Berzelius'  original  atomic 
weight  for  silver  had  been  halved  by  himself  many  years  before  on  the 
basis  of  Mitscherlich's  Law  of  Isomorphism.  G.  McP.  SMfTH. 

Some  Chemical  Problems  of  To-day.    By  Robbrt  Kbnmsdy  Duncan.    New  York- 
Harper  Brothers.    191 1,    pp.254.    Price,  $2.00. 

This  book  like  the  others  by  Professor  Duncan  is  of  a  popular  char- 
acter; it  is  written  in  a  lively  style,  gives  an  entertaining  account  of 
some  ofj^the  problems  in  theoretical  and  industrial  chemistry  and  makes 
a  plea  for  a  closer  relationship  between  chemistry  and  manufacture  in 
America.  He  calls  attention  in  the  first  chapter  to  a  number  of  practical 
problems  that  it  would  be  desirable  to  solve,  such  as  the  utilization  of 
metallic  cobalt,  tellurium,  silicon  and  electrolytic  iron.  There  is  need 
of  improvement  in  enamels,  bleaching  agents,  substitutes  for  wood, 
in  the  refinishing  and  recoloring  of  leather,  in  inks  and  shoe-blacking. 
The  residues  from  paper  pulp  ought  to  be  utilized,  cull  oranges  and  lemons 
ought  to  be  converted  into  valuable  substances  and  the  western  oyster 
ought  to  be  improved.  A  hard  water  soap  is  desirable.  The  author 
says:  ''The  many  and  important  actual  opportunities  that  lie  every- 
where at  hand  for  applying  scientific  knowledge  and  scientific  method 
to  the  manufacturing  needs  of  men  make  one  frankly  consider  why  trained 
and  earnest  men  should  devote  laborious  days  to  making  diketotetra- 
hydroquinazoline,  or  some  equally  academic  substance,  while  on  every 
side  these  men  are  needed  for  the  accomplishment  of  real  achievement  in 
a  world  of  manufacturing  waste  and  ignorance."  Nevertheless  he  cannot 
be  seriously  opposed  to  scientific  research  as  distinguished  from  technical 
research  for  the  next  four  chapters  deal  with  such  theoretical  subjects 
as  '*the  question  of  the  atom,"  **the  witherward  of  matter,"  "the  chemical 
interpretation  of  life"  and  "the  beginning  of  things." 

In  the  sixth  chapter  he  considers  the  trend  of  invention  as  shown  by 
the  records  of  the  Patent  Ofiice  in  Washington.  He  points  out  that 
eminent  European  professors  like  £mii  Fischer,  Wilhelm  Ostwald  and 
certain  English  university  professors  have  taken  out  American  chemical 
patents  and  that  instead  of  "giving  his  discoveries  to  the  world,"  it  is 
much  better  for  the  man  of  science  as  well  as  for  the  public  that  the 


NBW  BOOKS.  343 

discovery  be  patented.  Some  of  the  subjects  of  recent  chemical  patents 
are  here  discussed,  such  as  the  fixation  of  atmospheric  nitrogen,  the 
synthesis  of  ammonia,  the  preparation  of  valuable  compounds  from 
natural  gas,  deflocculated  graphite,  electric  osmosis  and  the  welding  of 
copper  upon  iron. 

There  are  chapters  upon  the  camphor  and  bread-baking  industries, 
upon  the  relation  between  chemistry  and  manufacture  in  America,  on 
the  relation  of  the  University  of  Wisconsin  to  the  State  and  a  final  chapter 
on  the  industrial  fellowships  that  have  been  established  at  the  Universities 
of  Kansas  and  Pittsburgh  under  Professor  Duncan's  direction. 

Edward  H.  Keisbr. 

Trait6  de  Chimie  g^n€rale.  Ouvrage  Traduit  sur  la  6'  Edition  Allemende  par  A. 
CoRVisv.  Par  s,  1912.  Librarie  Scientifique,  A.  Hermazin  et  Pils.  Two  volumes, 
20  francs  each. 

The  comparison  with  the  German  original  of  a  dozen  pages  taken  here 
and  there  showed  that  the  translation  is  accurate  and  faithful;  it  is  also 
dear,  direct  and  ludd,  as  we  expect  from  the  French  of  a  master. 

The  invaluable  work  of  Nemst  can  still  be  contained  within  the  limits 
of  a  single  volume,  but  by  sacrificing  something  for  compactness.  This 
French  edition  appears  in  two  volumes,  allowing  a  somewhat  clearer 
type  and  better  spacing  of  lines,  and  presenting  a  very  attractive  page. 
A  subject  index  is  lacking. 

The  translator  has  added  three  very  valuable  notes:  on  the  determina- 
tion of  molecular  weights  by  measurements  of  9smotic  pressure,  on  the 
list  of  radioactive  elements  with  their  constants,  and  on  the  absolute 
number  of  molecules  in  the  unit  volume  of  a  gas. 

Edward  W.  MorlBy. 

Text-book  of  Inorganic  Chemistry.  By  Dr.  A.  P.  Hollbman.  Issued  in  English 
in  Co6peration  with  Herman  Charles  Cooper.  Pourth  English  Edition,  completely 
revised.  John  Wiley  and  Sons,  New  York.  pp.  viii  +  505,  79  figures.  Price, 
$2.50.    Cloth. 

This  is  a  new  edition  of  Holleman's  well  known  and  admirable  text, 
the  first  edition  of  which  appeared  in  English  in  1902.  In  the  preface 
it  is  stated  to  have  been  thoroughly  revised,  many  parts  having  been 
rewritten,  the  chapter  on  metal-ammonia  compounds  as  approved  by 
Professor  Werner. 

It  is  a  good  example  of  the  text-books  presenting  inorganic  on  a  basis 
of  physical  chemistry  from  the  beginning.  To  many  it  will  probably 
seem  too  condensed  for  use  with  beginners,  but  it  is  a  most  interesting 
book  for  more  advanced  students. 

The  order  of  presentation  of  the  descriptive  part  is  oxygen,  hydrogen, 
water,  chlorine,  hydrochloric  acid,  the  halogens,  the  oxygen  family, 
the  nitrogen  family^  the  carbon  family,  the  alkali  metals,  etc.    At  ap- 
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propriate  points  more  general  topics  are  concisely  presented,  such  as  the 
atomic  and  molecular  theories,  catalysis,  kinetic  theory  of  gases,  determina- 
tion of  molecular  weights  by  freezing-point,  boiling-point  and  osmotic 
pressure  methods,  chemical  equilibrium  and  reaction  vdocity,  electrol3rtic 
dissociation,  the  phase  rule,  valence,  thermo-chemistry,  determination 
of  atomic  weights,  the  periodic  system,  spectroscopy,  the  unity  of  matter, 
radioactivity,  electro-chemistry  and  Werner's  theory  of  valence. 

In  the  opinion  of  the  reviewer  free  oxygen  should  be  represented  by 
its  formula  Oj  whenever  used,  even  before  the  derivation  of  the  numeral 
has  been  explained,  rather  than  O;  on  page  34  appears  the  equation 
2HCI  +  O  =  H2O  +  CI3,  referring  to  the  "oxygen  of  the  air" ;  if  the  reader 
is  not  prepared  for  O^,  the  use  of  Clj  is  surely  illogical.  The  term  "single 
decomposition"  as  opposed  to  "double  decomposition"  on  page  40  is 
unusual  and  seems  hardly  justified — implying  a  distinction  without 
a  fundamental  difference.  The  atomic  weight  of  niton  is  given  on  page 
405  as  2.22  instead  of  222.4  as  in  the  table  of  International  Atomic  Weights 
for  191 2  on  the  inside  of  the  end  cover.  Should  we  not  distinguish  be- 
tween elementary  substances  and  elements?  Diamond,  graphite,  and 
amorphous  carbon  are  elements^  substances;  carbon  is  an  element. 

The  book  offers  little  cause  for  adverse  criticism,  however.  The  language 
is  clear,  there  are  very  few  typographical  errors,  there  is  a  good  index, 
the  print  is  good,  the  binding,  when  received  by  the  reviewer,  was  de- 
fective, and  became  distinctly  more  so  during  inspection. 

P.  N.  EvAns. 

Handbuch  der    Mineral   Chemie.    Edited  by   Dobltqr,  et  al.    Theodor  Steinkopf. 
Dresden.     Vol.  I,  No.  4,  Bogen  31-40.     Price,  M.  6.50. 

The  subject  of  the  carbonate  minerals  is  completed  in  this  number. 
Those  included  herein  are  for  the  most  part  rare,  and  add  but  little  to 
our  knowledge  of  mineral  synthesis  or  mineral  genesis.  More  than  half 
the  total  number  of  pages  is  devoted  to  silicon  and  the  silicates.  Silicate 
analysis  by  Dittrich  takes  up  about  35  pages,  and  is  probably  as  well 
done  as  could  be  expected  in  this  limited  space.  Some  important  detiuls 
are  omitted;  such,  for  example,  as  the  necessity  of  burning  the  filter 
slowly  in  the  silica  determination  to  insure  complete  incineration,  and 
the  serious  contamination  of  the  iron-alumina  ppt.  by  siliceous  matter, 
if  the  ammoniacal  solution  is  boiled  in  glass.  The  findings  of  Gooch 
and  Austin  in  the  magnesia  determination  are  neither  heeded  nor  referred 
to,  though  in  the  main  the  researches  of  Americans  like  Gooch,  flille- 
brand,  Penfield,  J.  Lawrence  Smith  and  Treadwell  are  given  the  place 
which  their  importance  demands.  Electric  furnaces  of  both  arc  and 
resistance  types  are  described  by  Herold.  Among  the  types  of  gas  fur- 
naces in  use,  the  Fletcher  is  spoken  of  as  having  the  serious  disadvantage 
of  affording  insufficiently  high  temperatures.     As  a  matter  of  fact  with 
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sufficient  blast,  the  operator  has  to  exercise  care  in  working  with  high- 
melting  silicates  in  the  Fletcher  furnace  to  avoid  melting  the  platinum 
crucible!    Prof.  Doelter  gives  a  few  pages  of  general  matter  on  the  chem- 
ical peculiarities  of  the  silicon  compounds  and  a  historical  introduction 
to  the  subje9t  of  silicate  synthesis,  and  then  he  proceeds  to  deal  with 
bare  hands  with  the  determination  of  mineral  melting  points,  to  the  im- 
portance of  which  he  is  thoroughly  alive.    The  tendency  to  take  some- 
what contradictory  views  upon  certain  subjects  which  appear  in  some  of 
his  writings  is  here  happily  avoided.    The  statements  are  direct  and 
unambiguous  and  as  such  deserve  commendation.     On  page  629  we  learn 
that  OTily  a  jew  silicates  give  sharp  melting  points.     This  behavior  is  at- 
tributed to  the  peculiar  viscosity  of  the  silicates,  which  greatly  retards 
the  change  from  the  crystalline  to  the  amorphous  condition,  a  character- 
istic which  permits  of  their  being  overheated  beyond  the  point  at  which 
melting  begins  before  the  process  is  complete.     Undoubtedly  there  are 
examples  of  silicates  like  the  sodium  aluminium  and  potassium  aluminium 
silicates  (the  alkali  feldspars)  to  which  should  be  added  quartz,  which 
present  extraordinary  phenomena  of  this  sort.     It  is  also  cjuite  possible 
that  further  study  will  reveal  other  cases  of  the  same  character,  but 
without  more  knowledge  than  we  now  possess,  the  statement  that  "many 
other  alumino-silicates  belong  in  this  class"    is  quite  unwarranted.     It 
is  certainly  preposterous  to  put  anorthite  in  this  class  as  Prof.  Doelter 
apparently  does.     This  phenomenon  of  overheating,  to  the  possibility 
of  which  D.  describes  the  higher  points  of  other  investigators,  can  be  real- 
ized only  to  a  very  slight  degree  in  the  majority  of  silicates  which  have 
been  carefully  investigated.     "The  silicates,  with  some  exceptions,  like 
sodium,  lithium  and  lead  silicates  do  not  show  sharp  melting  points," 
says  Prof.  Doelter.     True,  the  synthetic  silicates,  so  far,  do  not  melt 
with  the  same  sharpness  as  the  pure  metals.     It  may  also  be  true  that  the 
difference  in  viscosity  ha^  something  to  do  with  this,  though  the  synthetic 
silicates  have  not  yet  been  prepared  so  pure  as  copper,  silver  and  a  num- 
ber of  other  metals.     But  the  metasilicates  of  calcium  and  magnesium, 
diopside  and  anorthite  (true  chemical  compoimds)  certainly  melt  within 
very  narrow  limits,  when  pure.    Thus,  Day  and  Sosman  {Am,  J,  Set., 
31,  341  (1911))  have  recently  shown  that  the  melting  points  of  diopside 
and  anorthite  are  reproducible- within-  2®,  while  by  a  process  of  chilling 
and  microscopic  examination  they  have  proved  that  no  melting  takes 
place  5®  below  this  point.     Again,  on  page  637,  we  read:     "The  causes 
of  these  differences  (in  melting-point  determinations),  which  are  quite 
striking,  lie  (i)  in  the  difference  in  conception  of  what  one  calls  a  melting 
point ;  (2)  in  the  difference  in  the  exactness  of  methods ;  (3)  in  the  difference 
in  the  size  of  the  grains  of  the  material,  to  be  investigated ;  (4)  in  the  differ- 
jence  in  the  rate  of  heating.     Let  us  revise  this  as  follows:   Differences 
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in  melting-point  determinations  are  due  (i)  to  differences  in  the  purity 
of  material.  Prof.  Doelter  has  had  long  experience  in  the  determination 
of  the  melting  point  of  minerals,  but  until  recent  years  he  has  always 
used  natural  minerals,  and  indeed  at  one  time  scouted  the  investigation 
of  synthetic  substances.  He  heats  his  silicates,  as  a  rule,  in  quartz  beakers 
or  porcelain  crucibles,  stating  that  the  vessels  are  little  corroded,  though 
no  analytical  evidence  has  ever  been  presented  to  prove  that  the  melts 
remain  pure.  Now  he  has  turned  to  sjnithetic  work,  but  is  the  fact  that 
a  mineral  is  s)mthetic  any  proof  of  its  ptuity?  Apparently  we  are  to  be- 
lieve so,  and  if  a  double  guarantee  is  demanded  we  are  told  that  the 
synthetic  mixture  is  compounded  of  Kahlbaum's  chemicals.  Alas, 
poor  Kahlbaum,  what  a  burden  of  responsibility  is  thrown  upon  his 
estimable  shoulders!  It  is  perhaps  not  generally  known  to  what  a  degree 
small  quantities  of  imptuities  may  affect  the  thermal  behavior  of  a  sub- 
stance. As  an  example  of  this  we  may  cite  magnesium  metasilicate, 
which,  when  pure,  melts  quite  sharply  and  when  cooled  at  a  moderate 
rate,  undercools  only  about  lo®.  Yet  if  0.5%  of  alumina  be  added,  the 
silicate  may  be  held  for  an  hour  50®  below  the  melting  point  with  but 
little  crystallization  and  that  of  an  entirely  other  (unstable)  crystal 
form.  (2)  The  thermal  methods  should,  of  course,  be  exact.  Subjective 
methods  may  be  barred  without  comment.  The  portable  galvanometer 
with  calibrated  scale  so  commonly  used  to-day  is  a  very  useful  instrument, 
but  not  a  very  accurate  one;  it  is  totally  inadequate  for  the  location  or 
even  the  detection  of  many  heat  changes,  but  much  more  important  is 
the  question  of  the  thermocouple.  In  ordinary  furnace  work  this  is 
constantly  liable  to  contaminations  which  greatly  lower  its  electromotive 
force,  so  that  a  calibration  which  consists  in  the  observation  of  its  reading 
at  a  single  point,  especially  a  point  remote  from  the  temperature  region 
to  which  the  investigation  has  been  confined,  is  not  sufficient  to  stand- 
ardize the  element.  When  investigators  bring  themselves  to  rigid  con- 
formity with  these  two  prime  conditions,  it  will  be  time  to  consider  such 
secondary  matters  as  size  of  grain  and  rate  of  heating  which  are  relatively 
negligible,  though  they  have  a  place  in  exact  work.  We  may  then  hope 
to  see  the  differences  of  150^  (page  632)  between  the  determinations  of 
the  Geophysical  Laboratory  and  those  of  some  other  investigators  narrowed 
down  to  respectable  limits.  The  application  of  the  eutectic  principle 
to  silicate  melts  by  J.  H.  L.  Vogt,  Doelter  endorses  in  so  far  as  it  has  to 
do  with  the  quartz-orthodase  rocks,  because  in  nature  the  viscosity  of 
the  magmas  wis  reduced  by  water  so  that  equilibrium  could  assert  itself. 
Quite  otherwise,  he  maintains,  are  the  facts  pertaining  to  the  more  viscous 
melts  of  the  laboratory.  Undoubtedly,  as  all  will  agree,  equilibriam 
sometimes  (perhaps  often)  fails  in  the  silicate  systems  of  nature  as  well 
as  those  of  the  laboratory;  so  it  does  in  systems  of  many  other  substances. 
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Certainly  a  comparatively  rapid  cooling  of  silicate  melts  is  not  the  best 
way  to  reach  it,  but  to  say  that  the  phase  nile  can  not  be  applied  to  silicate 
melts  (pages  632  and  633)  is  to  reject  practically  all  the  best  work  that 
has  been  done  on  the  subject.  E.  T.  Allbn. 

Outliiies  of  QisantitatiTe  Analyiis.     By  W.  R.  Lang  and  A.  Tingle.     University 
Press,  Toronto.     191 1.     64  pp.     Price,  $1.00. 

« 

This  book  is  intended  to  be  used  as  a  guide  by  students  in  the  labora- 
tory. Pages  7  to  10  are  devoted  to  general  explanations,  and  to  instru- 
ments, methods,  and  solutions  for  volumetric  analysis.  Pages  11  to 
26  give  36  examples  of  volumetric  determinations.  Pages  27  and  28 
give  general  direction  for  gravimetric  analysis.  Pages  29  to  35  give 
16  examples  of  gravimetric  determinations.  Pages  39  to  64  are  devoted 
to  the  analysis  of  11  simple  minerals  and  mineral  products.  In  the  space 
given  to  each  example  it  is  not  possible  to  do  much  more  than  indicate 
the  method  to  be  followed,  without  giving  detailed  directions  for  manipula- 
tion or  discussion  of  methods  or  principles.  The  student  must  depend 
for  these  on  the  instructor  or  reference  to  larger  works  or  original  articles, 
some  such  references  being  given.  No  attempt  is  made  to  offer  explana- 
tions based  on  modem  physical  chemistry.  The  methods  are  the  stand- 
ard ones  and  are  up-to-date.  The  minerals  and  products  chosen  for 
analysis  are  substances  which  the  analyst  is  likely  to  meet  in  ordinary 
practice,  and  vary  sufficiently  to  give  the  student  an  acquaintance  with 
the  more  important  separations  and  determinations. 

Warren  Rupus  Smith. 

Papert  on  Pyrlmidtnes.    Edited  by  H£nry  L.  Wubblbr  and  Trbat  B.  Johnson. 
Published  by  Treat  B.  Johnson,  New  Haven,  Conn.     Price,  $2.50. 

This  book  is  a  collection  of  the  reprints  of  forty-eight  papers  giving  an 

accotmt  of  the  work  on  pyrimidines  done  in  the  Sheffield  Laboratory  of 

Yale  University  prior  to    19 10.     A  twenty-four  page  bibliography  of 

publications    on  •  pyrimidines,    arranged    chronologically,    is    appended. 

It  is  unnecessary  to  speak  here  of  the  importance  of  the  work  recorded 

in  these  papers.     All  who  are  interested  in  this  field  will  find  it  a  great 

convenience  to  have  the  papers  collected  in  a  single  volume. 

W.  A.  N. 

Microbiology  for  Agricultural  and  Domestic  Science  Studenti.    Edited  by  Chau^bs 
£.  MARSH.MX.     P.  Blakiston's  Son.&  Co.,  Philadelphia.     19x1.    pp.  be  +'  724,: 
with  128  illustrations.:    Price,  $2.50,  net. 

Although  this  volume  is  the  result  of  tlie  combined  efforts  of  nearly, 

a  score  of  agricultural  scientists  of  the  United  States  and  Canada,  a  very 

successful  attempt  l^as  been  made  to  preserve  unity  of  thought  and  ex-. 

pression  without  repetition.     The  book  is  divided  into  three  parts,  viz.. 

Part  1 — ^Morphology  and  Culture  of  Microorganisms.     Part  2 — Physiology 
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that  such  a  condition  is  general  or  that  it  can  be  associated  generally 
with  a  decreased  content  in  the  soil  of  any  particular  mineral  substance 
or  substances  is  a  conclusion  not  sustained  by  the  available  data."  In 
fact,  no  one  claims  that  the  increase  of  yields  by  fertilizers  is  general, 
for  many  soils  do  not  need  them.  It  has  also  long  been  recognized  that 
fertilizers  produce  many  beneficial,  and  even  sometimes  injurious,  effects 
entirely  apart  from  their  action  as  plant  food,  hence  no  one  would  think 
of  claiming  that  their  effect  was  always  and  entirely  due  to  their  action 
as  plant  food.  The  absolute  claim  is  the  one  made  by  the  author,  that 
they  do. not  function  in  the  soil  as  necessary  additional  plant  food. 

A  chapter  is  next  devoted  to  the  dynamic  nature  of  the  soil,  another 
to  a  valuable  and  interesting  discussion  of  the  film  water  and  the  relation 
of  surface  tension  to  the  soil  problem.  It  is  here  pointed  out  that  fer- 
tilizer salts  when  applied  to  the  soil  lower  the  vapor  pressure  of  the  water, 
whereby  a  distillation  of  moisture  to  the  affected  points  takes  place  from 
the  soil  below  and  from  the  air  above.  Thus  the  hypothesis  is  supported 
by  another  contributing  factor  aside  from  food  effects. 

The  author  next  asserts  that  "practically  every  soil  contains  all  of  the 
rock-forming  minerals"  and  further  that  if  soil  water  is  removed  by  a 
powerful  centrifuge  and  analyzed  no  correlation  could  be  found  between 
the  results  and  the  crop  yields,  and  that  the  concentrations  of  the  solu- 
tions thus  secured  from  saturated  soils  varied  but  little  with  respect 
to  potash  and  phosphoric  acid,  regardless  of  textures  ranging  between  those 
of  sand  and  clay.  Nevertheless,  the  quantities  of  extract  thus  secured 
were  too  small  to  make  it  appear  probable  that  such  analyses,  as  were 
possible,  were  sufficiently  accurate  to  justify  very  definite  conclusions. 

It  is  then  further  asserted  that  "the  concentration  with  respect  to  those 
constituents  derived  from  the  soil  minerals  will  be  rapidly  restored  when- 
ever disturbed  through  absorption  by  plants,  leaching,  or  otherwise." 
This  assertion  seems  to  be  based  upon  experience  under  laboratory  con- 
ditions which,  however,  may  not  apply  in  the  soil  itself.  In  the  chapter 
devoted  to  the  relation  of  plant  growth  to  concentration  the  statement 
is  made  that  "There  can  be  no  doubt,  therefore,  that  tlie  soil  solution 
is  normally  of  a  concentration  amply  sufficient  to  support  ordinary  crop 
plants  and  is  maintained  at  a  sufficient  concentration  so  far  as  mineral 
plant  nutrients  are  concerned."  Yet  it  is  admitted  that  variations  in 
concentration  do  and  can  result  and  tl^t  they  probably  "produce  effects" 
upon  plants.  In  this  case  the  author  may  refer  to  the  effect  upon  the 
turgor  of  the  plant  cell  rather  than  to  food  effects. 

The  succeeding  chapter  deals  with  the  balance  between  the  supply 
and  renewal  of  mineral  plant  nutrients.  Following  this  is  a  most  interest- 
ing and  instructive  chapter  on  the  organic  constituents  of  the  soil  solu- 
tion.    A  general  discussion  of  fertilizers  including  their  indirect  action, 
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and  the  beneficial  effects  of  salts  of  manganese,  etc.,  which  are  supposed 
not  to  perform  the  office  of  plant  nutrients,  virtually  closes  the  argument 
agamst  the  plant  food  effects  of  fertilizers.  The  book  is  then  concluded 
with  a  review  of  certain  work  on  alkali  soils. 

Certain  points  embraced  in  the  premises  would  seem  to  require  more 
satisfactory  substantiation  before  the  conclusion  of  the  work  can  be 
generally  accepted.  The  author  also  begs  the  question,  to  a  certain  ex- 
tent, at  the  outset  by  the  character  of  his  reference  to  "normal"  con- 
dition of  soils.  It  is  also  important  to  establish  beyond  question  that 
extra  amounts  of  mineral  plant  food  are  not  needed  by  plants,  especially 
at  certain  early  stages  of  growth.  The  fact  that  plants  can  be  brought 
to  maturity  in  tap-water  and  other  dilute  solutions,  when  the  latter  are 
frequently  renewed,  furnishes  no  conclusive  evidence  that  the  renewal 
of  mineral  matter  in  the  limited  volume  of  water  in  the  soil  is  rapid  enough 
and  sufficiently  complete  to  meet  the  plant  needs,  especially  when  the 
minimum  of  water  in  the  soil  is  approached  which  is  necessary  to  growth, 
and  when  the  root  development,  as  in  the  early  stages  of  the  plant's  life, 
is  still  greatly  limited.  Even  though  relatively  small  applications  of 
mineral  fertilizers  are  made  they  are  quickly  "fixed,"  thus  enriching 
certain  points  of  contact  far  beyond  what  would  result  if  they  were  uni- 
formly distributed  in  the  entire  mass  of  the  upper  eight  to  ten  inches 
of  soil  and  they  may  thereby  become  especially  effective.  Furthermore, 
it  is  dangerous  to  infer  from  results  secured  in  water-culture  what  would 
transpire  in  the  soil  where  so  many  conditions  are  different  and  so  many 
other  factors  come  into  play. 

Though  a  destructive  agent  designed  apparently  to  minimize  and 
relegate  to  the  junk  heap  many  existing  theories  and  many  of  the  in- 
vestigations made  outside  of  the  Bureau  of  Soils,  the  book  nevertheless 
presents  a  large  amount  of  most  valuable  material,  both  by  way  of  a 
review  of  the  subjects  and  by  original  contributions.  The  recent  chemical 
researches  of  the  Bureau  of  Soils  on  the  nature  of  the  soluble  organic 
matter  of  the  soil  deserve  in  this  connection  especial  commendation.  The 
work,  though  controversial  and  based  apparently  upon  too  broad  premises, 
is  most  valuable  in  its  suggestiveness  of  lines  of  research  and  is  indispensable 
to  all  who  are  engaged  in  soil  investigations.  It  is,  however,  to  be  re- 
gretted that  the  views  of  the  Bureau  of  Soils,  which  have  been  prematurely 
promulgated  in  popular  Bulletins  of  the  Department  of  Agriculture, 
could  not  have  been  withheld  for  presentation  only  in  a  scientific  work 
of  this  character  until  the  chief  contentions  shall  have  been  more  fully 
established  and  until  the  h3rpothesis  has  been  shown  to  be  capable  of  trans- 
formation into  a  well  supported  theory.  H.  J.  Wheei.ER. 

Chemisch-technisches   Practikiun.      Uebungsbeispiele  aus  der  chemisch-technischen 
Analyse  fiir  Studierende  an  technischen  Hochschulen  und  Universit&ten.     By  Dr. 
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Ing.  Wilhcim  Moldenbauer,  Privatdozent  ftir  Chemk  an  der  Tcchnischen  Hoch- 
schule  zu  Darmstadt.  Bertin:  Gebrflder  Bomtraeger.  pp.  vii  +  3o6.  Price, 
M.  6. 

In  the  opinion  of  the  author,  the  customary  instruction  in  technical 
analysis  fails  in  effectiveness  because  of  lack  of  association  with  a  knowl- 
edge of  the  technical  processes  or  products  to  which  the  analytical  work 
applies.  He  seeks  to  correct  this  difficulty  by  presenting  a  course  of 
laboratory  practice  which  includes  the  examination  of  typical  substances 
of  importance  in  the  arts,  and  in  connection  with  each  analysis  he  at- 
tempts to  give  in  outline  an  account  of  the  technical  processes  for  which 
the  material  under  examination  is  of  special  importance  or  by  which  it 
is  produced.  The  course  is  stated  to  represent  substantially  that  given 
at  the  Technische  Hochschule  at  Darmstadt  and  to  represent  an  amount 
of  work  which  it  is  claimed  can  be  completed  in  a  semester.  The  twenty- 
five  procedures  include  those  for  the  analysis  of  coal;  drinking  and  feed 
waters;  illuminating  gas  and  that  for  use  in  baUoons;  spent  material  from 
gas  purifiers;  pyrite,  nitro-sulfuric  acid  and  fuming  sulfuric  acid;  salt- 
peter; black  ash;  materials  used  in  the  ammonia-soda  process  and  meth- 
ods of  control;  fertilizers  and  some  of  their  ingredients;  irons  and  iron 
ores;  zinc  blend  and  zinc  dust;  galenite;  oils,  fats  and  waxes;  soaps  and 
glycerol;  and  lubricants.  An  introductory  chapter  deals  with  such 
general  matters  as  sampling,  weighing,  determination  of  densities  and  the 
like,  and  an  appendix  contains  useful  tables. 

The  book  is  not  one  which  will  be  of  much  service  to  the  practising 
analyst,  as  it  is  not  sufficiently  comprehensive  with  respect  either  to  the 
analytical  procedures  described  or  the  discussions  of  the  industrial  applica- 
tions. This  is  particularly  true  of  'American  analysts,  since  many  meth- 
ods which  are  here  regarded  as  standard  methods  are  unmentioned.  For 
the  purposes  of  a  course  of  instruction,  for  which  it  is  primarily  designed, 
the  work  is  of  considerable  interest  and  the  material  and  procedures  are, 
in  the  main,  well  chosen.  There  is,  however,  an  unfortunate  air  of  finality 
in  the  treatment  of  the  subject  which  would  easily  lead  the  student  to 
suppose  that  the  methods  prescribed  were  practically  the  only  ones  en- 
titled to  consideration ;  the  wet  combustion  method  and  the  *  *  color  method '  * 
are,  for  example,  the  only  ones  mentioned  for  the  determination  of  car- 
bon. It  would  seem  also  that  the  author  could  have  accomplished  his 
purpose  to  give  \'itality  to  the  analytical  work  through  a  knowledge  of 
its  applications  more  effectively  if  he  had,  in  his  discussions  of  the  relevant, 
technical  processes,  pointed  out  more  specifically  why  information  re- 
garding the  ingredients  determined  was  actually  of  significance  at  various 
points  in  these  industrial  operations.  The  two  kinds  of  instructive  ma- 
terial are  presented  a  bit  too  much  in  layer-fashion.  Nevertheless,  the 
work  is  unique  in  its  general  aspects  and  will  prove  suggestive  and  help- 
ful to  teachers.  H.  P.  Tai^bot. 


r 
I 


.  I 


Vou  XXXIV.  Aprii.,  1 91 2.  No.  4. 


THE  JOURNAL 


OF  THE 


American   Chemical   Society 


ELECTROLYTIC  DISSOCIATIOIT.' 

Bt  Svamtb  AmsBBinus. 
RcceiTcd  February  10,  1912. 

I  received  last  year  an  invitation  to  come  over  here  and  give  the  Siili- 
man  lectures  in  New  Haven.  It  is  a  very  great  honor  to  receive  this  in- 
vitation, and  only  the  most  prominent  men  have  given  these  lectures  in 
the  past  years.  It  was,  therefore,  with  great  pleasure  that  I  accepted 
this  invitation,  and  especially  it  was  something  romantic  to  lecture  just 
in  that  place,  where  Willard  Gibbs  had  lived  and  worked.  I  also  had  re- 
peated opportunity  in  my  lectures  there  of  pointing  to  the  extraordinarily 
great  achievements  of  this  forerunner  in  science.  He  was  a  great  master 
in  mathematics,  and  he  developed  his  theories  chiefly  from  a  mathematical 
point  of  view,  and  hence  they  were,  in  a  very  high  degree,  generalizations, 
much  more  so  than  anything  written  before  that  time;  but,  for  the  same 
reason,  they  were  also  very  difficult  to  follow.  It  was  necessary  to  use 
a  high  degree  of  abstraction  to  understand  these  notions  which  he  had 
introduced,  and  therefore  very  few  of  the  chemists  could  realize  the  very 
great  importance  of  his  work.  He  came  before  Helmholtz,  for  Helm- 
holtz  about  eight  years  later  wrote  on  the  same  subject;  Helmholtz  was 
the  great  mathematician  of  his  time,  and  still  one  must  say  that  he  took 
up  only  a  small  part  of  that  which  Willard  Gibbs  had  achieved.  And 
Helmholtz  had  the  same  fate  as  Willard  Gibbs;  he  wrote  in  a  very  ab- 
stract manner,  and  very,  very  few  paid  attention  to  that  work. 

His  work  of  1882  was  too  general  still,  and  it  was  only  after  van't 
HoCF,  in  1886,  had  fotmd  a  simple  rule,  connecting  solutions  with  gases, 
that  people  who  were  not  so  great  and  prominent  mathematicians  as 
these  two  heroes  could  have  a  grasp  of  the  great  importance  and  of  the 

^  The  Willard  Gibbs  Address,  delivered  before  the  Chicago  Section  of  the  American 
Chemical  Society,  May  12,  191 1. 
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wide  scope  of  the  work  of  these  two,  and  especially  of  that  of  Willard 
Gibbs.  And  shortly  after,  Ostwald  also  translated  the  latter's  work 
into  German,  and  thereby  made  it  available  for  the  great  public  which 
had  not  had  it  before,  because  it  was  printed  in  the  transactions  of  the 
Connecticut  Academy,  which  are  not  very  widely  read,  and  can  scarcely 
be  obtained  in  the  common  libraries. 

Now,  after  I  had  this  great  honor  to  be,  in  a  certain  degree,  connected 
with  the  place  where  Willard  Gibbs  had  worked,  I  came  here  to  take  this 
great  honor,  again  connected  with  his  name,  and  I  must  say  it  is  the  great- 
est honor  that  can  be  conferred  upon  me  and  it  touches  me  more  than 
anything  else  could  do.  I  have,  according  to  the  statutes  regarding  this 
medal,  to  give  an  address  regarding  the  subject  for  which  it  has  been 
given.  I  must  say  that  Dr.  Smith  has  spoken  so  eloquently  on  that  be- 
fore, that  it  will  be  a  great  trouble  to  me  to  try  to  make  it  better,  and  I 
fear  I  will  not  be  able  to  do  that.  I  may  nevertheless*  perhaps  appeal 
to  your  kind  interest  by  telling  some  of  my  personal  dealings  and  views 
of  that  time. 

"There  is  nothing  new  under  the  sun" — I  believe  it  was  King  Solomon 
who  said  that,  and  it  is  true,  absolutely  so,  to-day,  and  will  remain  so; 
there  were  some  forerunners  also  regarding  the  dissociation  of  salts  into  . 
their  ions,  such  as  sodium  chloride  into  sodium  and  chloride  ions  in  solu- 
tion. It  had  been  fotmd  that  if  we  investigated  the  physical  properties, 
especially  of  different  salts  in  their  solutions,  if  we  took  them  in  so-called 
equivalent  proportions  in  the  same  quantities  of  water,  then  these  proper- 
ties show  a  very  remarkable  degree  of  regularity,  they  are  called  additive; 
they  behave  absolutely  as  if  the  properties  could  be  described  as  the  sum  of 
the  properties  of  the  parts  of  the  salt,  at  that  time  called  radicals,  now 
called  ions,  so  that  the  properties  could  always  be  ascribed,  as  due  for  one 
fact  to  the  one  part  of  the  salt,  and  for  another  fact  to  the  rest  of  the  salt, 
and  then  for  the  rest  due  to  the  solvent.  For  instance,  if  we  have  a  solu- 
tion in  water,  then  the  properties  of  the  water  are  manifest,  its  chemical 
properties  for  instance,  but  they  are  not  so  very  remarkable.  But  re- 
garding the  rest  of  the  properties  of  the  solution,  the  salts  behave  as  if 
composed  of  two  parts,  two  different  things,  one  called  the  positive  and 
the  other  the  negative  ion  or  radical,  and  the  properties  of  any  one  of 
these  radicals  are  always  the  same;  thus  all  sodium  salts  contain  the  ion 
sodium — and  this  sodium  ion  has  always  the  same  properties.  It  may 
be  combined  with  any  one  of  the  very  great  number  of  other  radicals,  nega- 
tive radicals,  chloride  ion,  bromide,  sulfate  ions  and  so  forth.  There  was 
a  difficulty — there  are  nearly  always  difficulties — and  when  these  difficul- 
ties are  explained,  they  give  the  best  confirmation  of  the  correctness  of 
our  ideas.  It  was  so  .here;  there  were  exceptions,  a  great  number  of  ex- 
ceptions, and  therefore  it  was  only  the  most  sanguine  of  the  investigators 
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who  dared  to  state  that  these  properties  had  just  that  character 
I  told  of.  For  instance,  ammonia  is  always  an  exception;  water  is  an  ex* 
ception;  and  so  forth.  We  know  now,  afterwards,  why  they  are  excep- 
tions. They  must  be  exceptions  because  they  are  not  torn  asunder, 
tbeir  molecules  are  not  ionized  in  a  sensible  degree.  We  could  have 
stated  their  exceptional  behavior  before,  but  we  knew  no  ground  for  it, 
but  now  we  can  say  they  are  exceptions,  because  they  do  not  conduct 
electricity.  The  property  of  conducting  electricity  is  due  mainly  to  ions 
or  radicals,  which  are  free;  those  substances  which  dissociate  in  solution 
into  two  parts,  one  positive  and  one  negative,  conduct  electricity;  and 
only  those.  That  is  the  general  rule.  Now,  it  is  very  easy  to  investigate 
in  advance  which  substances  do  not  conduct  electricity  and  then  they 
are  excluded  absolutely  from  the  substances  presenting  additive  proper- 
ties. If  we  exclude  just  those  non-electrolytes,  then  the  regularities  I 
tell  of  are  absolutely  clear,  although  they  could  not  be  understood  before 
fhe  dissociation  theory  was  developed. 

The  men  who  in  past  times  had  been  impressed  by  these  regularities 
were  especially  the  Frenchman,  Valson,  and  another  Frenchman,  Raoult, 
but  they  never  dared  to  express  the  idea  that  the  two  parts  of  a  mole- 
cule were  free,  absolutely  free.  They  said  that  the  sodium  and  the  chlorine 
retained,  in  part,  their  properties  in  a  solution  of  sodium  chloride.  That 
is  all.  They  always  said  they  are  combined,  but  still  retain  a  certain 
part  of  their  individuality.  But  they  could  not  arrive  at  the  hypothesis 
of  dissociation,  because  there  were  so  many  exceptions.  They  were  the 
forerunners  on  the  practical  side,  the  experimental  side,  but  there  are 
other  forerunners,  more  interesting  and  more  wonderful,  on  the  theoretical 
side.  In  France  there  was  a  physical  chemist  at  the  beginning  of  the  last 
century  who  must  have  been  among  the  most  intelligent  men  in  the  world. 
He  was  not  recognized  as  much  as  he  merited;  his  name  was  Gay-Lussac. 
He  had  read  some  works  of  Berthollet  and  tried  to  explain  some  of  the  ex- 
periments which  Berthollet  cited,  but  in  a  different  manner  from  that 
of  BerthoUet.  If  we  mix  sodium  sulfate  with  barium  chloride,  we  obtain 
barium  sulfate,  and  sodium  chloride  remains  in  the  solution,  whereas 
.barium  sulfate  precipitates  out.  This  is  a  familiar  process  to  chemists. 
The  reason  why  barium  sulfate  is  precipitated  out,  Berthollet  said,  was 
because  the  molecules  have,  so  to  speak,  a  feeling  that  if  barium  sulfate 
is  formed,  then  it  gives  a  precipitate,  and  all  precipitates  tend  to  be  formed. 
Of  course,  this  feeling  of  the  molecules  of  what  would  happen  is  some- 
thing very  anthropomorphic  and  not  very  scientific;  still  Berthollet 
was  one  of  the  most  prominent  scientists  of  his  time.  It  was  an  instance 
of  what  is  called  predisposing  affinities.  And  it  is  one  of  the  merits  of 
the  dissociation  theory  to  have  thrown  light  upon  what  these  mystic 
predisposing  affinities  are. 
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Now,  Gay-Lussac  said  there  is  no  predisposition  for  anything,  but  that 
if  we  mix  sodium  sulfate  with  barium  chloride,  then  there  are  always 
formed  the  two  salts,  sodium  chloride  and  barium  sulfate.  All  the  com- 
binations of  the  two  positive  ions,  namely  sodium  and  barium,  with  the 
two  negative  ions  present,  sulfate-ion  and  chloride-ion,  occur,  and  nearly 
in  the  same  degree.  All  of  the  possible  combinations  are  formed.  Now, 
barium  sulfate  will  be  precipitated  and  it  does  not  react  any  more  with 
the  other  salts,  so  these  other  salts  are  not  formed  again;  but  new  barium 
sulfate  may  be  formed  and  that  pi'ecipitates  anew,  and  goes  out  of  action, 
so  that  new  quantities  of  this  salt  are  formed,  imtil  the  process  is  com- 
pleted. If  it  remained  in  the  solution,  it  would  react  with  the  others 
and  be  transformed  back  into  the  other  possible  combinations,  but  just 
because  it  disappears,  it  cannot  react  with  the  others,  and  the  process  goes 
only  in  that  one  direction. 

These  ideas  are,  perhaps,  a  little  abstract,  but  they  are  of  the  greatest 
interest,  for  they  are  more  than  eighty  years  old.  They  were  expressed 
in  1839.  And  later  on,  in  1857,  Williamson  expressed  absolutely  similar 
ideas,  and  the  same  was  the  case  with  Clausius,  the  German  mathematical 
physicist.  Clausius  came  to  this  conclusion  from  quite  difiFerent  con- 
siderations. He  did  not  care  at  all  for  chemical  compounds;  he  was  not 
familiar  with  them,  but  he  investigated  the  electrical  conductivity  of 
salts  in  solution.  And  it  was  known  that  if  one  let  an  electric  current 
pass  through  a  solution,  then  that  solution  is  electrolyzed,  as  it  is  called, 
that  is,  the  two  parts  of  the  salt  which  were  called  radicals,  and  which 
are  now  called  ions,  are  separated  from  each  other,  and  are  set  free  at  the 
so-called  poles,  that  is,  at  the  two  places  at  which  the  current  enters  and 
leaves  the  solution.  And  Clausius  drew  attention  to  the  circumstances 
which  had  been  proved  by  many  an  experimenter — (he,  himself,  was 
not  an  experimenter  at  all) — namely,  that  the  slightest  electric  force 
is  able  to  tear  asunder  these  two  ions  from  their  compounds.  He  con- 
cluded that  the  ions  must  be  free,  because  they  are  separated  from  each 
other  by  the  least  force,  since,  if  they  were  held  together  by  a  finite  force, 
it  would  not  be  possible  for  the  least  electrical  force  to  tear  them  asunder. 
But  he'said:  "Perhaps  it  is  only  an  extremely  small  fraction  which  be- 
haves in  that  manner,"  and  thereby  he  diminished  the  value  of  his  con- 
clusion. It  must  be  said  that  Gay-Lussac  was  the  first  who  found  what 
was  the  truth;  what  we  now  regard  as  the  truth.  Perhaps  it  is  better 
to  say  that  these  contributions  of  Clausius,  Williamson,  Gay-Lussac, 
Valson  and  Raoult  did  not  carry  conviction  on  account  of  the  antago- 
nism against  the  view  that  common  salt,  which  all  people  know,  is  dissocia- 
ted, as  it  is  called,  that  is,  is  torn  asunder  into  its  two  parts,  namely,  sodium 
and  chlorine.  This  idea  seemed  absolutely  impossible;  it  could  not  be 
accepted.     Every  one  knows  that  if  we  dissolve  salt  in  water,  the  solution 
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has  a  salty  taste,  but  it  has  not  at  all  the  properties  of  sodium;  for  sodium 
is  a  metal  and  is  not  soluble  in  water,  except  in  the  form  of  the  hydroxide. 
Further,  it  has  not  at  all  the  properties  of  common  chlorine;  because  com- 
mon chlorine  gives  a  very  disagreeable  odor  to  water,  and  also  a  green 
shade  to  its  color,  and  tastes  extremely  disagreeable  and  is  poisonous. 
It  is  clear  that  if  sodium  chloride  is  dissociated  into  sodium  and  chlorine 
in  the  water,  it  must  be  something  else  than  the  common  chlorine  and 
common  sodium,  but  this  conclusion  seemed  hard  for  most  chemists. 
But  we  know  now  very  well  that  if  you  have  phosphorus,  for  instance, 
you  can  have  it  at  least  in  two  different  modifications.  One  is  yellow 
phosphorus,  it  bums  very  easily,  is  very  disagreeable  to  smell  and  is  very 
poisonous;  the  other  is  red  phosphorus,  which  is  not  poisonous,  does  not 
emit  vapK>rs  or  a  bad  smell,  and  is  dark  red  in  color,  in  contradistinction 
to  the  yellowish  color  of  yellow  phosphorus.  The  two  substances  seem 
to  be  as  different  as  possible.  Another  case  which  is  very  familiar  is  that 
of  the  diamond  and  common  carbon;  they  have  different  properties, 
and  still  it  is  carbon  in  the  two  cases. 

Why  should  not  sodium  behave  in  two  different  manners?  There  is 
another  dissimilarity  in  that  case,  namely,  that  the  common  sodium  is 
not  charged  with  electricity,  and  that  the  sodium,  which  is  dissociated 
from  the  chlorine  in  the  sodium  chloride  solution,  carries  an  enormous 
quantity  of  electricity,  and  that  may  give  it  wholly  different  properties. 
In  reality,  we  may  say  that  if  these  difficulties  are  still  not  wholly  over- 
come, they  are  not  absolutely  insurmountable  difficulties.  We  may  say 
that  it  is  possible,  and  it  is  true,  that  ionization  of  sodium  chloride  forms 
another  sodium  than  the  common  metallic  sodium.  But  there  is  much 
work  to  be  done  still  in  that  line,  until  we  clearly  understand  it,  and 
this  work  will  probably  throw  much  light  on  the  electrical  side  of  the 
question. 

I  had  to  work  out  a  thesis  in  order  to  get  a' doctorate  ;^that  was  in 
1882 — ^I  had  come  so  far  then.  The  opportunities  for  working  it  out 
in  my  home  university,  Upsala,  were  not  favorable,  therefore  I  went  to 
Stockholm.  Thereby  I  came  under  the  influence  of  the  great  electri- 
cian, Edlimd,  who  had  a  very  great  diversity  of  interests,  and  I  only  wish 
to  say  that  probably  it  is  due  to  him  that  I  have  been  interested  in  very 
different  things.  For  he  worked  on  the  aurora  borealis,  and  on  the  theory 
of  electricity,  on  electric  currents,  on  the  electric  arc,  and  so  forth.  He 
also  had  a  great  number  of  practical  interests  and  was  president  of  the 
Polytechnic  Institute  in  Stockholm.  When  I  came  to  him,  he  did  not 
encourage  me  very  much  to  continue  with  chemical  ideas,  because  he 
did  not  understand  them  very  well.  He  was  a  pure  physicist,  but  I  had 
some  ideas  of  my  own.  My  teacher  in  chemistry,  Cleve  of  Upsala,  a  very 
renowned  chemist,  had  lectured  on  organic  chemistry,  and  he  always 
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said  cane  sugar  has  the  formula  Ci^H^^Oji,  or  some  multiple  of  that, 
probably  some  very  high  multiple,  and  no  one  could  solve  that  question, 
he  said.  I  thought  that  it  would  be  of  great  interest  if  one  could  solve 
that  question,  for  just  such  things  will  promote  science  and  knowledge 
very  much,  which  are  said  to  be  impossible.  As  you  know,  the  deter- 
mination of  molecular  weights  plays  the  most  fundamental  role  in  chemis- 
try, and  I  thought,  perhaps  I  can  apply  electrical  methods  in  solving  that 
question.  It  was  often  said,  at  that  time,  and  is  said  even  now,  that  elec- 
tricity is  the  source  of  all  phenomena,  so  that  its  application  might  solve 
all  questions,  and  overcome  all  difficulties.  I  tried  that,  but  did  not 
succeed;  but  at  the  same  time,  Raoult,  in  France,  succeeded  by  deter- 
mining the  freezing  points  of  solutions.  I  did  not  know  his  results,  but 
I  continued  and  came  to  the  investigation  of  the  conductivity  of  solu- 
tions. There  was  already  then  a  large  amount  of  work  in  that  line 
and  my  contributions  were  only  a  small  part  of  what  was  known.  But 
my  great  luck  was  that  I  investigated  the  conductivity  of  the  most  dilute 
solutions.  In  these  dilute  solutions  the  laws  are  simple  compared  with 
those  for  concentrated  solutions,  which  had  been  examined  before.  It 
was  then  easy  to  find  that  the  irregularities,  which  came  in  every  step 
with  concentrated  solutions,  disappeared.  The  whole  thing  was  very 
simple,  but  it  was  necessary  to  believe  that  the  conducting  molecules 
which,  according  to  Clausius,  were  dissociated,  that  these  conducting 
molecules  were  the  whole  part  of  the  dissolved  salt  in  this  high  dilution. 
I  knew  my  professors  in  Upsala  too  well  and  found  that  it  would  be  im- 
possible to  get  them  to  believe  that.  Therefore,  if  I  had  made  such  a 
statement  in  my  doctor's  thesis,  it  would  not  have  been  approved,  so  that 
I  would  have  had  to  work  on  a  new  thesis  before  I  could  be  nominated 
doctor.     [Applause.  ] 

Therefore,  I  did  not  say  that  there  is  a  nearly  total  dissociation 
of  salts  in  their  highly  diluted  solutions,  but  I  said  that  the  salts  consist 
of  two  different  kinds  of  molecules  in  solutions,  the  one  inactive — ^this 
expression  did  not  look  so  dangerous — ^and  the  other  active.  These  later 
conduct  electricity,  and  the  others,  the  inactive  ones,  do  not.  In  the 
highest  dilution  all  molecules  are  active,  and  I  said  further  that  the  mole- 
cules which  are  active  are  in  the  state  described  by  Clausius;  he  was  a 
great  authority,  therefore  it  could  not  be  regarded  as  unwise  to  share  his 
ideas.  Interesting  as  the  electrical  conductivity  is,  it  seems  of  a  second- 
ary interest  from  a  chemical  point  of  view.  But  a  study  of  BerthoUet's 
work  on  thermochemistry  showed  me  that  those  acids  which  conduct 
electricity  the  best  are  also  chemically  the  strongest  and  always  dis- 
placed the  weak  acids  which  do  not  conduct  electricity  or  only  conduct 
it  poorly.  With  different  acids  the  differences  of  conductivity  are  such 
as  one  to  one  million,  in  many  cases.     Therefore  the  determination  of 
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their  order  regarding  conductivity  is  very  exact.  It  was  now  quite  dear 
to  me  that  there  were  no  exceptions  to  the  rule  that,  of  two  adds,  that 
which  had  the  better  conductivity  in  equivalent  solutions  in  a  given  sol- 
vent was  also  the  stronger  acid.  The  next  step  was  also  quite  dear: 
the  active  molecules,  which  are  active  in  regard  to  electricity,  are  also 
active  in  r^ard  to  chemical  properties,  and  that  was  the  great  step.  I 
might  say  that  I  am  invited  to  the  Chemists'  Club  of  New  York  on  the  1 7th 
of  this  month.  That  was  because  I  told  them  I  got  that  idea  in  the  night 
of  the  17th  of  May  in  the  year  1883,  and  I  could  not  sleep  that  night  un- 
til I  had  worked  through  the  whole  problem.    [Laughter.] 

Now,  after  that  day,  I  was  very  certain  that  I  had  made  an  important 
step,  and  I  worked  out  one  line  after  the  other,  in  detail,  and  then  came 
to  new  condusions.  Every  one  knows  that  water  may  be  regarded  as  an 
add,  though  a  very  weak  one ;  therefore,  if  I  have  an  acid,  for  instance,  nitric 
add  and  water,  and  let  them  compete  for  a  base,  for  instance;  sodium 
hydroxide;  then  the  nitric  acid,  strong  as  it  may  be,  cannot  take  all  the 
sodium  hydroxide,  but  must  leave  a  very  small  part  to  the  water;  that  is 
so-called  hydrolysis. 

It  was  very  easy  to  work  out  from  these  considerations  a  theory  re- 
garding the  hydrolytic  activity,  and  I  found  that  it  agreed  very  well  with 
experience,  according  to  BerthoUet's  work. 

These  condusions  were  formed  with  the  help  of  the  book  of  Berthollet, 
which  contained  everything  regarding  equilibritun.  And  then  there  was 
another  thing:  all  acids  in  reacting  with  the  same  base  give  the  same 
heat  of  neutralization;  for  one  equivalent  13,500  calories.  That  is  di- 
rectly true  only  for  strong  adds  with  strong  bases,  for  example,  if  I  take 
sodium  hydroxide,  which  is  a  strong  base,  and  nitric  add,  a  strong  add. 
If  I  go  to  the  weak  adds  I  find  small  deviations,  and  if  I  take  water  I 
find  no  evolution  of  heat  at  all.  What  could  now  be  the  cause  of  this 
difference?  It  was  dear  that  it  was  due  only  to  their  different  d^;ree  of 
activity;  and,  therefore,  I  said,  if  I  mix  an  absolutdy  active,  that  is,  an  ex- 
tremdy  dilute,  strong  add  and  a  similar  base  in  equivalent  quantities, 
the  same  quantity  of  heat  is  always  evolved.  The  base  may  be  any 
base  and  the  acid  may  be  any  add.  When  strong  adds  and  strong  bases 
react,  water  is  formed,  and  the  heat  which  is  evolved  is  simply  the  heat 
of  formation  of  inactive  water  from  absolutely  active  water.  For  if  the 
water  formed  had  been  absolutdy  active,  we  should  have  had  no  heat 
effect  at  all.  The  difference  fotmd  in  neutralizing  weak  adds  is  just  due 
to  the  heat  of  transformation  of  the  inactive  molecules  of  the  adds  into 
active  ones.  The  heat  of  neutralization  of  strong  acids  and  strong  bases 
is  the  heat  of  combination  of  the  ions  of  water,  hydroxide  and  hydrogen 
ions,  when  inactive  water,  that  is  the  common  Hfi,  is  formed  from  them. 

Then  I  arrived  at  another  conclusion,  namely,  that  if  two  dectrolytes 
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react  upon  each  other,  they  give  only  reactions  of  the  ions  and  do  not 
give  anything  else.  For  instance,  potassium  ferrocyanide,  which  con- 
tains potassium,  iron,  and  carbon  and  nitrogen  in  the  form  of  cyanogen, 
does  not  give  reactions  of  iron  or  cyanogen,  for  these  ions  are  not  the 
ions  of  this  salt;  but  its  ions  are  potassium  and  the  rest  of  the  molecule. 
In  all  cases  the  one  ion  is  the  metal,  and  the  other  ion  is  the  rest  of  the 
molecule.  And  this  rest  is  not  iron  or  cyanogen  and  therefore  the  potas- 
sium ferrocyanide  does  not  show  any  reaction  of  iron  or  cyanogen.  As 
it  was  called  before,  the  "type"  of  the  salt  was  "conserved"  in  this  case, 
the  "tjrpe"  of  ferrocyanides.  So,  if  we  may  allow  potassium  ferrocyanide 
to  react  on  another  salt,  then  always  a  ferrocyanide,  that  is,  a  salt  of  the 
same  type,  is  formed.  This  "conservation  of  types"  could  not  be  ex- 
plained before.  I  had,  in  this  manner,  deduced  a  rather  great  number 
of  different  properties  which  had  not  been  explained  before;  but  I  must 
say  that  this  circumstance  made  no  very  great  impression  upon  my  pro- 
fessors in  Upsala.    [Laughter.] 

I  came  to  my  professor,  Qeve,  whom  I  admire  very  much,  and  I  said : 
**  I  have  a  new  theory  of  electrical  conductivity  as  a  cause  of  chemical  re- 
actions." He  said:  "That  is  very  interesting,"  and  then  said  "Good- 
bye." He  explained  to  me  later,  when  he  had  to  pronotmce  the  reason 
for  my  receiving  the  Nobel  prize  for  that  work,  that  he  knew  very  well 
that  there  are  so  many  different  theories  formed,  and  that  they  are  all 
almost  certain  to  be  wrong,  for  after  a  short  time  they  disappear;  and, 
therefore,  by  using  the  statistical  manner  of  forming  his  ideas,  he  con* 
eluded  that  my  theory  also  would  not  exist  very  long.     [Laughter.] 

I  was  not  very  content  with  that  opinion,  and  then  I  thought,  in  for- 
eign countries  there  are  such  prominent  scientists,  they  might  look  at  it 
differehtiy;  it  might  appeal  to  them.  Then  I  wrote  to  Gausius,  and  said: 
"What  do  you  think  of  that?"  I  wrote  to  Ostwald — ^he  worked  on  the 
same  line.  I  wrote  to  Thomsen.  I  received  friendly  answers  from  most 
of  those  scientists,  and  they  were  very  glad  to  make  my  acquaintance, 
and  so  on,  but  it  was  not  very  much  more.  [Laughter.]  The  only  ex- 
ception was  Ostwald,  and  he  describes,  himself,  how  it  was  that  he  got 
on  the  same  day  this  dissertation,  a  toothache,  and  a  nice  daughter,  and 
that  was  too  much  for  one  day,  and  the  worst  was  the  dissertation,  for 
the  others  developed  quite  normally.  But  this  bulky  dissertation  was 
very  hard  for  him,  and  he  said  there  were  indications  that  some  of  its 
parts  were  not  quite  in  order.  There  were  some  unfamiliar  expressions 
and  sanguine  ideas,  but,  finally,  he  found  it  still  might  be  good  to  look 
into,  if  it  was  true.  He  had  a  great  number  of  acids,  which  he  had  in- 
vestigated regarding  their  chemical  reactivity,  that  is,  regarding  their 
chemical  strength  in  catalytic  reactions,  and  then  he  investigated  them 
in  regard  to  their  conductivity,  which  was  done  very  rapidly.     He  found 
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that  their  chemical  activity  and  their  electrical  conductivity  were  nearly 
proportional  to  each  other.  Then  he  came  to  me  to  see  me  personally, 
and  spoke  with  me,  and  we  had  some  very  pleasant  days  together,  and 
then  we  made  plans  regarding  the  development  of  the  whole  of  chemistry. 
Everything  seemed  to  us  so  regular  and  fine,  and  we  have  really  developed 
that  program  for  the  most  part;  but  I  must  say  that  the  reality  has  been 
much  better  than  we  believed  at  that  time. 

Then  Ostwald,  of  course,  visited  my  dear  friend  and  teacher,  Qeve. 
Ostwald  spoke  to  him  one  day  in  the  laboratory.  I  came  a  little  later. 
I  was  not  expected,  and  then  I  heard  Cleve  say:  "  Do  you  believe  sodium 
chloride  is  dissolved  into  sodium  and  chlorine?''  "In  this  glass  I  have 
a  solution  of  sodium  chloride;  do  you  believe  there  are  sodium  and  chlo- 
rine in  it?"  "Do  they  look  so?"  "Oh,  yes,"  Ostwald  said,  "there  is 
some  truth  in  that  idea,"  and  then  I  came  and  the  discussion  was  at  an 
end.     I  was  very  sorry  for  that. 

After  Ostwald's  visit  to  Cleve,  I  was  nominated  privatdozent  of  phys- 
ical chemistry,  in  the  autumn.  Two  years  later  I  went  to  Ostwald  in 
Riga  to  work.  The  work  was  very  easy  at  the  begiiming ;  I  collected  much 
material  and  wrote  it  out  a  little  later  in  four  parts.  After  the  visit 
to  Riga  I  went  to  Kohlrausch,  in  Wtlrzburg,  and  to  Boltzmann,  in  Graz, 
and  I  visited  van't  HofiF's  laboratory,  so  that  I  had  a  good  schooling 
at  that  time.     Everywhere  I  went,  I  worked  further  on  the  same  lines. 

Then,  when  I  was  in  Wiirzburg,  I  received  a  memoir  of  van't  Hoflf's,  in 
which  he  had  given  the  theory  of  Raoult's  work  regarding  the  freezing 
point,  of  which  I  spoke  in  the  beginning.  After  having  read  this  memoir 
it  was  quite  dear  to  me  that  I  might  dare  to  say  that  all  these  substances 
which  are  active,  that  is  all  electrolytes,  consist  of  two  molecules,  and 
not  of  one;  that  is,  sodium  chloride  is  composed  of  two  molecules,  the 
sodium  ion  and  the  chlorine  ion.  Then  the  theory  of  electrolytic  disso- 
ciation was  expressed  without  any  restriction  (1887).  I  had  then  a  three- 
fold basis  for  my  conclusion,  the  chemical  one  and  the  electrical  one, 
and  then  the  thermodynamical  one,  regarding  the  freezing  point.  On  a 
foundation  of  three  points  you  may  construct  a  very  solid  building.  The 
first  publication  of  this  hypothesis  came  into  a  report  of  the  committee 
appointed  by  the  British  Association  for  investigating  the  conductivity 
of  rfectrolytes.  I  wrote  directly  on  this  question  to  Ostwald.  He  did 
not  understand  me — I  must  have  written  a  little  rapidly.  But  later  on 
I  published  the  theory  in  a  more  elaborate  form,  and  then  its  importance 
was  dear  to  Ostwald,  to  van't  Hoff,  and  many  others. 

I  came  to  van't  Hoff  in  1888.  On  the  way  I  visited  Kiel — ^midway  be- 
tween Stockholm  and  Amsterdam — van't  Hoff  was  at  Amsterdam  at  that 
time — and  then  I  spoke  with  Planck;  he  was  very  much  interested  in 
this  subject,  and  he  said:  "I  agree  wholly  with  you,  but  there  is  a  diffi- 
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culty.  If  I  consider  the  conductivity  of  copper  sulfate,  I  may  calculate 
how  great  a  part  of  that  salt  is  dissociated  and  then  this  part  must  con- 
form to  the  law  of  equilibrium  which  was  announced  by  Guldberg  and 
Waage.  The  difficulty  is  that  my  calculations  do  not  agree  with  that 
law."  He  asked  me  if  it  was  possible  to  suppose  that  this  discrepancy 
was  due  to  the  circumstance  that  the  equilibrium  was  not  reached  im- 
mediately after  the  solution.  I  said  that  I  supposed  there  was  no  hope  to 
help  it  out  by  such  an  hypothesis.  Then  I  came  to  Amsterdam  and  when 
I  saw  van't  Hoflf,  he  said:  **The  dissociation  theory  is  very  good,  but  can 
you  get  it  to  accord  with  the  law  of  Guldberg  and  Waage?  I  have  cal- 
culated the  conductivities  of  potassium  chloride;  they  do  not  agree." 
Then  I  said  to  him:  '*  Yes,  that  is  as  you  say,  but  you  ought  to  try  the  cal- 
culation with  acetic  acid;  for  with  acetic  acid  you  can  change  the  de- 
gree of  dissociation  in  the  proportion  of  i  to  100,  but  with  the  salt  you 
cannot  change  it  more  than  in  a  proportion  of  3  to  4.  Of  course,  you 
must,  if  you  want  to  see  if  a  rule  is  true,  take  the  greatest  variation  possi- 
ble." .He said:  "That  is  true,  please  sit  down  and  calculate  it  yourself" 
and  he  gave  me  a  logarithm  tiable  and  I  sat  down  and  the  result  looked 
very  well,  and  I  showed  it  to  him,  and  I  said :  "  You  see  that  is  not  so  bad." 
He  was  very  much  interested;  but  he  wished  to  have  a  better  agreement. 
He  said  to  his  assistant  Reicher:  "You  must  make  absolutely  pure  acetic 
acid  and  some  other  adds.  I  will  need  them."  Reicher  did  not  tmder- 
stand  why  van*t  Hofif  needed  the  acids.  He  distilled  them,  but  van't  Hoff 
was  not  content  until  after  some  weeks  of  hard  work.  The  measurements 
on  the  new,  pure  preparations  agreed  perfectly  with  the  theory  of  Guldberg 
and  Waage.  During  this  time  he  received  a  paper  in  the  Zeitschrift  fUr 
physikalische  Chemie,  and  in  it  Ostwald  announced  that  he  had  found  that 
the  said  rule  holds,  and  therefore  it  is  called  "Ostwald's  law  of  dilution." 
You  will  see  from  this  example  that  the  idea  was,  so  to  speak,  in  the  air.  Ost- 
wald worked  on  it  and  Planck  and  van't  Hoff  worked  on  it  simultaneously; 
Ostwald  was  the  editor  of  the  Zeitschrift,  and  used  the  opportunity  to 
publish  it  first.  He  made,  at  first,  no  new,  more  accurate  experiments, 
as  van*t  Hoff  did,  but  was  content  with  his  old  figures.  Later,  he  made 
a  great  number  of  new  determinations;  he  foimd  the  law  of  equilibrium 
to  be  true  in  a  very  much  higher  degree  than  this  law  had  been  proven 
before,  for  gases.  After  this  important  discovery,  the  dissociation  theory 
won  a  great  number  of  adherents;  but  not  all  agreed  with  us.  Every  time 
I  came  to  Berlin,  where  the  young  privatdozents  subject  scientific  nov- 
elties to  a  severe  criticism,  they  said:  "The  dissociation  theory  is  not 
so  bad,  but  perhaps  it  is  not  quite  in  order,  and  Helmholtz  will  fix  it  up 
for  you."  I  spoke  to  Helmholtz  and  he  didn't  say  so  himself.  It  was 
his  assistant  who  believed  they  understood  science  much  the  better. 
When  I  came  to  Erlangen,  I  spoke  with  Wiedemann,  and  he  said : "  It  is 
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very  interesting,  of  course,  but  you  have  not  found  the  real  cause  of  the 
things  in  question.  I  know  what  this  cause  is,  it  is  the  internal  friction, 
and  I  hope  to  show  it  to  you;"  whereupon  I  answered:  "Yes,  I  am  thank- 
ful for  that,  but  the  more,  the  earlier  you  publish  your  ideas."  Unfor- 
tunately, he  has  not  done  it  yet,  and  that  was  twenty  years  ago.  After 
some  years,  our  opponents  did  not  attack  us  any  more,  but  still  they  showed 
a  passive  resistance,  which  all  of  you  know  is  much  more  difficult  to  con- 
quer than  an  active  one.  All  of  them  hoped  that  some  one  would  come 
to  demonstrate  that  we  were  on  the  wrong  path.  This  situation  be- 
came too  long  and  tiresome  for  Osfwald.  .  He  said:  " Let  us  attack  them, 
that  is  the  best  method."  He  wrote  very  severe  criticisms  of  the  op- 
ponents' memoirs  in  his  journal,  and  be  said  openly  that  they  did  not  un- 
derstand anything  regarding  physical  chemistry.  Thereupon  the  op- 
ponents gave  their  assistants  a^d  other  pupils,  who  were  going  to  make 
investigations,  subjects  to  treat  of  which  they  hoped  would  show  that 
we  were  not  right,  and  said  that  we  were  unable  to  explain  them.  But, 
in  reality,  it  was  always  easy  to  find  an  explanation  founded  on  the  new 
theories  of  solutions,  whereas  no  explication  was  given  from  the  other 
side.  •  In  that  manner,  from  our  own  side  and  from  the  opposition,  a  great 
deal  of  material  favorable  to  the  new  theories  was  soon  collected. 

There  were  two  other  f avoarble  circumstances  for  the  progress  of  the 
dissociation  theory.  At  that  time  Ostwald's  great  treatise  on  general 
chemistry  was  published,  in  which  he  used  the  dissociation  theory.  The 
other  favorable  circumstance  was  that  Ostwald  opened  in  Leipsic  the  only 
laboratory  in  the  world  for  physical  chemistry,  and  there  came  people 
from  all  nations  of  the  world  to  be  initiated  in  the  new  views.  The  small- 
est number  of  them  were  GfCrmans.  The  Americans  were  very  many. 
Ostwald  was  a  genius.  He  transferred  his  enthusiasm  for  the  great  work 
to  his  pupils  and  they  went  out  in  different  parts  of  the  world  and  worked 
on  physico-chemical  problems,  and  applied  the  theory  of  van*t  Hoff 
and  the  dissociation  theory  in  the  explanations  of  their  experiments. 
So  it  came  about  very  rapidly  that  the  new  dissociation  theory  was  in  the 
majority  and  not  in  the  minority,  as  before.  I  am  glad  to  say  that  this 
work  continues  still  to-day,  and  that  especially  Americans  are  working 
on  the  old  classical  lines;  here  are  a  great  many  laboratories  where  the 
old  traditions  are  prevailing,  more  than  in  any  other  part  of  the  world, 
even  in  Germany.  Van't  Hoff  is,  I  am  very  sorry,  dead,  and  Ostwald  has 
left  chemistry  and  gone  into  other  branches  of  science,  and  still  more  of 
philosophy.  Now  the  dissociation  theory  is  brought  to  a  certain  degree 
of  completeness — certainly  there  is  much  left  to  do  in  it — and  we  treat 
with  a  very  great  degree  of  accuracy  a  very  great  number  of  questions 
r^arding  solutions.  Therefore,  the  time  has  come  for  the  application 
of  the  theory  of  solutions.    Solutions  play  the  most  important  role  in 
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the  world;  therefore  the  alchemists  said  that  there  is  nothing  which  acts 
chemically  but  solutions.  Solutions  fill  the  oceans,  solutions  are  running 
in  our  veins  and  solutions  form  the  chief  part  of  all  organisms;  life 
is  bound  to  solutions,  as  well  as  chemical  reactivity.  In  the  broad  sense 
of  the  word,  the  terrestrial  and  the  celestial  bodies  chiefly  consist  of  solu- 
tions, inasmuch  as  their  chief  parts  are  mixtures  of  different  fluid  bodies. 
Why  should  we  not  apply  what  we  found  regarding  solutions  to  the  differ- 
ent interesting  problems  regarding  these  bodies.  By  the  application  we 
already  have  cleared  up  fundamental  chapters  in  different  sciences,  and 
especially  in  the  field  of  physiology  and  biology.  These  applications 
have  been  of  the  greatest  interest,  and  even  in  that  line  extremely  good 
work  is  carried  out  here  in  America  at  the  present  time;  and  I  have  the 
greatest  respect  for  and  expectations  from  just  that  work,  for  it  is  clear 
that  biology  will  be  the  chief  science  or  the  most  practical  science,  I  may 
say,  of  the  coming  time.  It  regards  life,  and  we  are  living  organisms,  and 
that  is  our  mostspecial  property;  and  therefore  physiology,  or  the  science 
regarding  life,  will  have  the  greatest  influence  of  all  the  sciences  upon  the 
principle  of  life  and  upon  the  development  of  humanity. 

I  have,  perhaps,  spoken  too  broadly  regarding  all  of  these  questions 
which  have  lain  so  near  to  me,  and  I  therefore  will  conclude  my  remarks. 
I  only  wish  to  say  that  if  my  dear  friend,  Mr.  Mather,  has  said  that  I 
perhaps  do  not  know  that  I  am  a  member  of  the  Society,  he  is  very 
badly  informed,  for  every  month  I  receive  four  very  valuable  publica- 
tions from  here,  which  I  read  with  the  very  greatest  interest.  Especially 
are  they  valuable  for  me  because  they  record  in  a  great  number  of  cases 
the,  for  Americans  characteristic,  very  practical  treatment  of  the  prob- 
lems attacked.  Mr.  Mather  said  I  am  the  first  of  the  honorary  members, 
and  that  is  due  to  my  great  luck  in  having  a  name  beginning  with  **A." 

Now,  in  receiving  this  medal,  struck  in  honor  of  our  great  master 
Willard  Gibbs,  I  wish  to  express  the  hope  that  very  many  members  of  this 
Society,  and  colleagues  of  mine  in  this  case,  shall  receive  this  medal  in 
the  coming  years. 

I  thank  you  very  heartily.    [Great  and  prolonged  applause.} 


THE  CONCENTRATION  OF  HYDROGEN  ION  IN  SULFURIC  ACID. 

By  Richard  C.  Toui an  and  Lucxbn  H.  Grbathousb. 
Recdved  February  10.  1912. 

Sulfuric  acid  may  dissociate  according  to  either  or  both  of  the  reac- 
tions : 

HjSO,  ;^  H+  +  HSOr 

H^O,  :^  2H+  +  SO,— 

Since  its  method  of  dissociation  is  unknown,  it  is  impossible  to  caloul^ite, 
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from  conductivity  measurements  alone,  either  the  degree  of  dissociation 
of  the  acid  or  the  concentratioo  of  any  of  the  ionic  substances  produced. 

It  occurred  to  the  authors  that  the  concentration  of  hydrogen  ion  in 
sulfuric  acid  could  be  most  easily  determined  by  the  use  of  an  indicator. 
The  method  consists  in  finding  a  solution  of  hydrochloric  acid  which  im- 
parts the  same  color  to  a  defioit  concentration  of  indicator  as  the  sul- 
furic add  under  consideration.^ 

We  may  consider  an  indicator  as  a  weak  acid  which  ionizes  according 
to  the  reaction 

HI,  «  H+  +  V. 

the  undissociated  acid  and  its  ion  difiFering  in  color. 

The  hydrogen  ion  concentration  of  the  solution  in  which  the  indicator 
is  present  will  determin  the  degree  of  ionization  of  the  indicator,  and 
hence  indirectly  its  color.  If  we  find  a  solution  of  hydrochloric  acid  which 
gives  the  same  color  with  the  same  amount  of  indicator  as  the  solution 
of  sulfuric  add  under  consideration,  the  two  presumably  have  the  same 
concentration  of  hydrogen  ion  which  can  be  calculated  for  the  hydro- 
chloric add  from  conductivity  data. 

Experimental. 
Four  dyes  were  finally  chosen  for  use  as  indicators  and  were  made 
into  stock  solutions  of  the  following  suitable  composition: 
I-  0.05  g.  malachite  green,  5  cc.  alcohol,  95  cc.  water. 

2.  0.0125  g.  methyl  violet,  2V3  cc.  alcohol,  97V1  cc.  water. 

3.  0.0166  g.  tropaolin  00  in  100  cc.  50%  alcohol. 
4-  0.05  g.  methyl  green,  100  cc.  water. 

Approximately  0.2  N  solutions  of  sulfuric,  hydrochloric  and  nitric  acids 
and  of  barium  hydroxide  were  prepared  and  standardized.  The  adds 
were  all  titrated  against  barium  hydroxide,  and  this  in  tturn  titrated 
against  succinic  add.  Furthermore,  independent  determinations  of  the 
strength  of  the  sulfuric  and  hydrochloric  acids  were  made  by  precipita- 
tion of  barium  sulfate  and  silver  chloride.  The  various  standardizations 
were  in  satisfactory  agreement. 

Indicator  was  added  to  solutions  of  0.2  iV,  o.  i  N  and  0.05  N  sulfuric  add 
and  the  color  compared  with  that  found  in  a  series  of  differently  concen- 
trated solutions  of  hydrochloric  and  nitric  acids,  which  were  prepared 
by  dilution  from  0.2  N  acid.  The  comparisons  were  made  on  a  white  back- 
ground in  Nessler  tubes  which  had  a  depth  of  approximatdy  17  cm. 
to  the  100  cc.  mark.  For  the  0.2  N  and  o.i  iV  acid,  50  cc.  of  the  solutions 
were  taken  and  o.i  cc.  of  the  indicator  solution  added.  For  the  0.05  N 
add,  100  cc.  of  solutions  were  taken  and  o .  2  cc.  of  indicator  solution  added. 

^  Indicators  were  first  systematically  used  for  determming  hydrogen  ion  concen- 
tration by  Friedenthal,  Z.  Elekirochem.,  lo,  119  (1904).  See  also  Salm,  Z.  phystk, 
Ckem.,  57,  471  (1907). 
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Malachite  green  and  methyl  violet  were  found  to  be  sensitive  indicators 
in  0.2  N  and  o.i  iV  solution,  methyl  green  and  tropaolin  oo  in  0.05  N  solu- 
tion.^ The  indicator  was  added  from  a  buret  provided  with  an  auto- 
matic stopcock,  which  permitted  the  rapid  delivery  of  o.  i  cc.  portions. 
Since  there  is  a  tendency  for  the  color  of  the  solutions  to  fade,  the  solu- 
tions to  be  compared  were  all  placed  in  the  Nessler  tubes  and  the  indica- 
tor added  to  them  in  quick  succession.  The  comparisons  were  made  at 
room  temperature,  approximately  24°. 

Experimental  Restilts. 

The  results  of  the  experiments  are  given  in  Tables  I-III.    The  first  col- 
umn in  the  tables  states  the  concentration  of  comparison  acid  whose  color 


Tabids  I. — Color  Comparison  with  that  in  0.2  N  (X  1.0174)  HgSO^. 

Color  in  oomiMtfiaon  add. 


Concmtration  of  comparison  acid. 


HCL 
0.150  X  (1.0033) 
0.140  X  (1.0033) 
0.130  X  (1.0033) 


HNOs. 
0.150  X  (1.0121) 
0.140  X  (1.0121) 
0.130  X  '(1.0121) 


0.120  X  (1.0033)     '     0.120  X  (1.0121) 

o.iio  X  (1.0033)  o.iio  X  (1.0121) 

Cone.  HCl  (1.0033)  or  HNO,  (1.0121) 

equivalent  to  0.2  iV  H^O^  (i  .0174). . . 
Concentration  HCl  or  HNO,  equivalent 

to  0.2  N  HgSO^ 

Concentration  hydrogen  ion 


Malachite  green. 

HQ.  HNGs. 

Greater 

Greater  Greater 

Slightly  Greater 

greater 

Less  Slightly 

less 

Less  Less 


Methyl  violet. 


HO. 


HNOs. 


Greater     Greater 

Less  Slightly 

less 
Less  Less 


0.1275      0.1225      0.1250      0.1225 

0.1257      0.1218      0.1233      0.1218 
o.iii        0.108        0.109        0.108 


Tabls  II. — Color  Comparison  with  that  ino.i  N  (X  1.0174)  H^O^. 

Color  in  comparison  actd. 


Concentration  of 

comparison  add. 

HCl.             HNOs. 

Methyl 
HQ. 

violet. 

Ha. 

HNOs. 

HNOs. 

0.080  X  (1.0033) 

0.080  X   (l  .0121) 

Greater 

Greater 

•    •    ■    • 

■    •   •    • 

0.075  X  (1.0033) 

0.075  X  (1.0121) 

Greater 

Greater 

Greater 

Greater 

0.070  X  (1.0033) 

0.070  X  (1.0121) 

Same 

Slightly 
greater 

Same 

SUghtly 
greater 

0.065  X  (1.0033) 

0.065  X  (i  .0121) 

I^ss 

Sanie 

Less 

SUghtly 
less 

0.060  X  (1.0033) 


Less 


0.0700   0.0662   0.0700   0.0675 


0.060  X  (1.0121) 
Cone.  HCl  (1.0033)  or  HNOj  (1.0121) 

equivalent  to  o.x  iV  H^Of  (i  .0174) . . . 
Concentration  HCl  or  HNO,  equivalent 

to  o.  I  iV^  HjSO^ o  .0690 

Concentration  hydrogen  ion 0.0620 

^  For  solutions  as  dilute  as  0.005  N  dimethylamidoazohenzene  was  the  most  suita- 
ble indicator  tried,  but  even  that  lacked  great  sensitiveness. 


0.0659 
0.0597 


0.0690 
0.0620 


0.0672 
0.0609 
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Tablb  III. — Cow)R  Comparison  with 


Coneentration  of  compflritoii  ackl. 

HCL  HNoT 

O.Q425  X  (1.0033)        0.0435  X  (1.0121) 
0.0400  X  (1.0033)        0.0400  X  (1.0121) 

00375  X  (1.0033)        0.0375  X  (1.0121) 

0.0350  X  (1.0033)  0.0350  X  (1.0121) 
0.0325  X  (1.0033)  0.0325  X  (1.0121) 
Cone.  HCl  (1.0033)  or    HNO,    (1.0121) 

equivalent  to  0.05  N  H9SO4  (i  .0174) . . . 
Concentration  HCl  or   H^O,   equivalent 

to  0.05  N  HjSO^ 

Concentration  hydrogen  ion 


THAT  IN  0.0s  N  ( 1. 01 74)  HjSO^. 
Color  in  comparison  add. 


TropAolitt  00. 

Methyl 
HQ. 

green. 

Ha. 

HNOa. 

HNOs. 

•   •    •    • 

■   •  •   • 

Greater 

Greater 

Greater 

•  •  ■  * 

Same 

SUghtiy 
greater 

Greater 

Greater 

Slightiy 
less 

Same 

Same 

Same 

Less 

Less 

Less 

Less 

Less 

Less 

0.0350  0.0350  0.0394  0.0381 

0.0345  0.0348  0.0389  0.0379 
0.0315   0.0319  0.0356  0.0347 


was  contrasted  with  that  of  the  solution  of  sulfuric  acid  in  question  and 
the  other  columns  state  whether  the  color  of  the  comparison  acid  corre- 
sponded to  a  greater  or  a  less  hydrogen  ion  concentration  than  that  of 
the  sulfuric  acid. 

The  results  of  the  experiments  are  summarized  in  the  lower  part  of 
each  table.  The  first  line  states  the  concentration  of  comparison  acid 
decided  on  as  having  the  same  color  as  the  sulfuric  acid  used.  The  sec- 
ond line  states  the  concentration  of  comparison  acid  having  the  same  color 
as  sulfuric  acid  of  exact  normality,  and  the  third  line  states  the  hydrogen 
ion  concentration  of  this  strength  of  comparison  acid. 

The  following  tabulation  indicates  the  conventions  made  in  deciding 
what  concentration  of  comparison  acid  would  have  the  same  color  as  the 
sulfuric  acid : 


Color  shown  by  succeaaive  samples  of  com- 
Ptfison  add,  contrasted  with  color  of  H2SO4. 

Greater — same — less 

Greater — ^less 

Slightly  greater — ^less 

Slightly  greater — same — less 


Eauivalent  concentration  chosen 
as  that  whidi  showed 

Same  color 

Less  color  4-  V,  cone,  interval 

Less  color  +  */*  cone,  interval 

Same  color  +  y^  cone,  interval 


The  concentration  of  comparison  acid  isohydric  with  sulfuric  acid  of 
exact  normality  was  calculated  by  simple  proportion  from  the  normality- 
factors  of  the  two  acids.  The  concentration  of  hydrogen  ion  in  the  com- 
parison acid  was  calculated  from  the  conductivity  data  of  Kohlrausch 
at  18°  using  the  values  for  X^  determined  by  Noyes  and  Sammet*  and 
Noyes  and  Kato,'  396  for  hydrochloric  acid,  392  for  nitric  acid. 

*  Tms  Journal,  24,  944;  25,  165  (1902-3).     Z.  physik.  Chem.,  43,  49-74  (1903). 

'  Carnegie  Institution  of  Washington,  Publication  No.  63.    This  Journal,  301 
318  (1908). 


368  RICHARD  C.  TOLMAN  AND  LUCIEN  H.  GREATHOUSE. 

Table  IV. — Ratio  of  Hydrogen  Ion  Concentration  to  Formal  Concentration 

H^O,. 

Pormal  Indicator  method.  Conductance  and  Picric  add 

concentration.  approx.  24^.  transference.  25^.  pcpts..  25  ^ 


O.IOO  f  1.05-1.16  1.04 


0.050  '    ►  I.13-I.24  1. 10 


0.025  *  1.23-1.35  1.20 


•Conclusions. 

From  an  examination  of  the  last  lines  in  Tables  I-III,  it  will  be  seen 
that  the  different  acids  and  the  different  indicators  lead  to  approximately 
the  same  values  for  hydrogen  ion  concentration  in  sulfmic  acid.  Small 
differences  between  the  values  obtained  using  different  indicators  and 
different  comparison  acids  are  to  be  expected  from  the  probability  of 
slight  but  unknown  action  between  indicator  and  the  acid  radical.  Never- 
theless, assuming  that  conductivity  measurements  for  tmi-univalent 
acids  give  a  true  measure  of  degree  of  dissociation*  we  may  conclude 
that  the  values  we  have  presented  for  the  hydrogen  ion  concentration  in 
sulfuric  acid  are  approximately  correct. 

A  comparison  of  our  values  of  hydrogen  ion  concentration  with  those 
recently  presented  in  an  article  by  Noyes  and  Stewart'  will  be  of  interest. 
Their  method  consisted  in  determining  the  relative  concentrations  of  hydro- 
chloric acid  and  sulfuric  acid  which  drive  back  the  ionization  of  picric 
add  to  the  same  extent.  Table  IV  gives  values  for  the  ratio  of  hydrogen 
ion  concentration  to  the  formal  concentration  of  sulfuric  acid,  as  ob- 
tained by  the  indicator  method,  and  by  the  picric  acid  experiments  of 
Noyes  and  Stewart.*  It  has  furthermore  been  shown  by  Noyes  and 
Stewart  by  combining  transference  and  conductivity  data  that  certain 
limits  can  be  calculated  between  which  the  hydrogen  ion  concentration 
must  lie.  These  limits  are  also  presented  in  the  table.  It  will  be  noticed 
that  none  of  the  values  for  hydrogen  ion  concentration  obtained  by  the 
picric  acid  method  by  Noyes  and  Stewart  lie  within  the  necessary  limits 

^  For  a  consideration  of  the  possibility  that  conductivity  measurements  do  not 
give  true  values  of  the  degree  of  dissociation,  see  an  article  by  Tolman  and  Ferguson, 
This  Journal,  34,  232  (1912). 

■  This  Journal,  32,  1133  (1910). 

'  The  data  of  Noyes  and  Stewart  presented  in  the  table  is  that  obtained  using 
the  value  >lo  «  365  for  hydrogen  ion. 
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which  they  have  calculated.  This  probably  means  that  the  degree  of 
dissodation  of  picric  acid  in  the  presence  of  the  acids  is  not  merely  de« 
pendent  on  the  concentration  of  hydrogen  ion.  Of  the  twelve  different 
values  obtained  by  the  indicator  method  using  different  indicators  and 
different  comparison  adds,  only  two  lie  outside  the  limits,  and  these  are 
the  only  ones  in  which  methyl  green  was  used  as  an  indicator.  The  gen* 
eral  condusion  may  be  drawn  that  a  comparison  of  the  results  obtained 
with  a  number  of  different  adds  and  different  indicators  will  lead  for 
simple  solutions  to  values  of  the  hydrogen  ion  concentration  of  reasonable 
reliability. 

Using  the  same  method,  a  determination  of  the  hydroxide  ion  concen- 
tration in  solutions  of  di-add  bases  is  now  bdng  carried  out  by  one  of 
the  authors  (L.  H.  G.). 

The  experimental  work  described  in  this  artide  was  done  in  the  chemical 
laboratory  of  the  University  of  Michigan. 

CofCiMNATi,  Ohio,  and  Aim  Abbok»  Mioi. 
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By  B.  H.  AMCtaMAUD  amd  W.  A.  Patbick. 
Received  PebnuuT  12,  1912. 

It  is  evident  that  the  study  of  non-aqueous  solutions  must  be  greatly 
extended  before  the  mystery  surrounding  the  phenomenon  of  solution 
can  be  satisfactorily  explained.  Interesting  examples  of  such  solutions 
are  those  of  the  metallic  iodides  in  ethyl  alcohol.  The  following  pages 
contain  an  account  of  some  measurements  of  the  electrical  conductivity 
of  solutions  of  platinum  tetraiodide  and  of  iodine  in  ethyl  alcohol. 

Materials  Used. 

Iodine. — Kahlbaum's  resublimed  iodine  was  ground  with  a  little  potas* 
slum  iodide  and  again  sublimed.  This  product,  after  being  again  care- 
fully sublimed,  gave  the  sample  used  in  these  experiments. 

Platinum  Tetraiodide. — Pure  platinum  was  prepared  by  the  repeated 
predpitation  of  ammonium  chloroplatinate.  Prom  the  pure  platinum 
a  solution  of  chloroplatinic  add  was  prepared  and  the  platinum  thrown 
down  as  the  iodide  with  iodine  and  sodium  iodide. 

Ethyl  Alcohol. — Kahlbaum's  absolute  alcohol  was  boiled  for  several 
hours  with  a  large  excess  of  pure  calcium  oxide  and  distilled.  It  was 
then  allowed  to  stand  for  two  days,  with  frequent  shaking,  over  anhydrous 
copper  sulfate.  It  was  then  distilled,  reserving  for  the  experiment  only 
the  middle  portion  of  the  distillate.  This  alcohol  had  a  specific  conduc- 
tivity of  2.6  X  lo"^  redprocal  ohms  at  25°.  If  allowed  to  stand  m  con- 
tact with  the  air  for  only  a  few  moments,  its  conductivity  would  increase 
tenfold. 
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Methyl  Alcohol, — This  alcohol  was  purified  in  the  same  way  as  the  above, 
its  specific  conductivity  was  somewhat  greater  than  that  of  the  ethyl 
alcohol. 

The  conductivities  of  the  above  alcohols  indicated  that  they  were 
remarkably  free  from  water.  Every  care  was  exercised  to  prevent  the 
air  of  the  laboratory  from  coming  in  contact  with  the  pure  solvents,  or 
any  of  the  solutions  that  would  be  appreciably  a£fected  thereby. 

Apparatus  Used. 

The  method  of  measuring  conductivity  was  that  of  Kohlrausch.  The 
bridge  wire  was  carefully  calibrated.  Conductivity  cells  of  the  usual 
form  were  used,  their  constants  being  determined  by  means  of  0.02  N 
potassium  chloride.  The  temperature  of  the  bath  in  which  the  electro- 
lytic cells  were  kept  was  maintained  at  25^  ±  0.05  by  means  of  the  usual 
regulator,  the  water  in  the  bath  being  stirred  by  means  of  an  electric 
motor.  In  the  case  of  the  measurements  taken  at  o^,  the  cells  were 
placed  in  large  felt-wound  vessels  which  were  filled  with  crushed  ice. 

The  results  obtained  for  the  conductivity  of  the  platinum  iodide  solu- 
tions in  ethyl  alcohol  are  shown  in  the  following  table.  Under  the  term 
dilution  are  given  the  number  of  liters  containing  one  equivalent  or  one- 
fourth  of  a  gram-molecule  of  the  iodide  (V^Ptl^).  The  conductivity 
values  are  expressed  in  reciprocal  ohms  and  refer  to  a  temperature  of 

25": 

Solutions  09  Platinum  lODmB  in  Ethyl  Alcohol. 


DUotion. 

specific  conductivity. 

Bquivalent  conductivity. 

lO.O 

0.00145 

H-5 

20.0 

0.000815 

16.3 

40.0 

0.000450 

18.12 

80.0 

0.000250 

20.00 

160.0 

0.000137 

21.90 

320.0 

0.0000735 

23.5 

640.0 

0.6000384 

24.6 

1280.0 

0.0000192 

24.6 

The  conductivity  is  here  large,  compared  with  the  conductivity  of  most 
substances  in  organic  solvents  being  for  instance  considerably  greater 
than  the  conductivity  of  alcoholic  solutions  of  cadmium  iodide,  as  meas- 
ured by  Jones  and  Carroll.*  The  conductivity  of  the  most  concentrated 
solution  is  a  little  greater  than  that  of  0.0 1  N  potassium  chloride,  and 
this  notwithstanding  the  fact  that  the  particles  which  carry  the  current 
are  probably  ions  with  relatively  low  migration  velocities. 

The  equivalent  conductivity  increases  with  the  dilution  as  is  the  case 
with  almost  all  aqueous  solutions,  and  it  is  particularly  interesting  to 
note  that  the  equivalent  conductivity  becomes  constant  at  great  dilu- 
tions, which  is  the  case  with  but  few  non-aqueous  solutions.    If  we  as- 

*  Am,  Chetn.  J.,  32,  527  (1904). 
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sume  that  this  constancy  indicates  that  the  dissociation  is  practically 
complete — a  supposition  we  are  continually  making  in  the  case  of  water 
solutions — and  calculate  the  ionization  coefficient  for  an  0.0125  ^  solu- 
tion we  find  that  at  this  concentration  the  platinum  iodide  is  over  80% 
dissociated. 

In  connection  with  the  above  experiments  we  thought  it  would  be  of 
some  interest  to  determin  whether  solutions  of  iodine  in  alcohol  con- 
ducted the  electric  current;  and  if  so,  what  the  nature  of  this  conduc- 
tion is. 

Few,  if  any,  observations  have  been  made  of  the  conductivity  of  solu- 
tions of  iodine  in  alcohols.  Bnmer^  has  measured  the  electrical  conduc- 
tivity of  solutions  of  iodine  in  nitrobenzene  and  finds  that  the  conduc- 
tivity increases  with  time. 

It  is  wdl  known  that  when  iodine  is  dissolved  in  organic  solvents,  the 
color  of  the  solutions  may  be  either  violet  or  brown.  In  the  case  of  the 
alcohols  the  color  is  brown.  A  great  many  investigators  have  concerned 
themselves  with  this  variation  in  color.  Patemo  and  Nasini,'  from  molec- 
ular weight  determinations  of  iodine  in' benzene,  concluded  that  in  dilute 
solutions  the  iodine  was  present  as  I,,  while  in  concentrated  solutions 
the  molecule  varied  between  I2  and  I,.  Loeb,*  from  vapor  tension  meas- 
urements, fotmd'in  the  case  of  solutions  of  iodine  in  carbon  disulphide, 
where  the  color  is  violet,  a  molecule  varying  from  I,  to  I,  while  the  brown 
ether  solutions  gave  I^  as  the  formula. 

Gauthier  and  Charpy^  considered  that  the  difference  in  color  was  due 
to  the  formation  of  complex  molecules.  They  laid  stress  upon  the  fact 
that  brown  solutions  become  violet  when  heated,  while  the  violet  solu- 
tions turn  brown  when  cooled. 

Beckmann,^  Hertz,'  and  Nemst'  found  experimental  data  that  indica- 
ted I,  as  the  formula  for  the  iodine  molecule  in  all  solvents.  Kriiss  and 
Thiele*  studied  this  question  very  thoroughly  from  various  points  of  view. 
They  came  to  the  conclusion  that  the  behavior  of  the  iodine  could  be  best 
explained  by  the  difference  in  size  of  the  iodine  molecule;  that  is,  by  as- 
suming that  it  existed  as  (l^n  but  behaved  as  I,  as  far  as  molecular 
weight  determinations  were  concerned. 

Lachman*  has  shown  that  those  solvents  which  give  brown  solutions 

*  BuU.  Acad.  Set.,  Cracow  (1907). 

*  Ber.,  ai,  2153.  . 

»  Z.  physik.  Chem.,  2,  606  (1888). 

*  Campu  rend,,  1x0,  189. 

'  Z.  physik.  Chem.,  5,  76  (1890). 

•/Wd.,  6,385(1890). 

'/6ftd.,  6,  16(1890). 

*Z.  anarg.  Chem.,  7,  52  (1894). 

*  This  Journal,  35,  50  (1903). 
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of  iodine  are  unsaturated,  if  the  oxygen  be  regarded  as  tetravalent.  On 
the  other  hand,  the  violet  solutions  are  formed  with  such  solvents  as 
hydrocarbons  which  may  be  regarded  as  having  their  aiSinities  satisfied. 

Hillebrand  and  Glascock^  have  concluded  from  measurements  of  the 
lowering  of  the  freezing  point  produced  by  iodine  in  various  solvents, 
that  in  the  case  of  the  brown  solutions  there  is  a  compound  formed  be- 
tween the  iodine  and  the  solvent,  while  in  the  case  of  the  violet  solutions 
no  such  compound  is  formed. 

If  we  assume,  following  Lachman,  or  Hillebrand  and  Glascock,  that 
in  the  case  of  the  brown  solutions  a  compound  is  formed  between  the 
iodine  and  the  solvent,  we  might  expect  from  the  behavior  of  solutions 
of  alcohols  in  liquid  hydrogen  bromide  that  the  compound  would  ionize 
to  some  extent  and  form  a  conducting  solution.  Again  if,  as  suggested 
by  Le  Blanc,  the  iodine  molecule  breaks  up  into  oppositely  charged  ions 
we  would  expect  an  appreciable  conductivity. 

EzperimentaL 

Solutions  of  iodine  in  ethyl  alcohol,  o.i  N  and  o.oi  N,  were  pre- 
pared and  their  conductivities  measured.  It  was  very  soon  apparent 
that  the  conductivity  was  increasing  rapidly  with  the  time.  Accord- 
ingly, measurements  were  made  at  short  intervals  until  the  con- 
ductivity became  constant.  The  time  required  for  this  to  take  place 
was  about  25  hrs.  at  25®.  It  was  evident  that  a  reaction  was  going  on 
which  involved  the  formation  of  a  substance  having  a  considerable  con- 
ductivity in  the  alcohol. 
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^  This  Jouknai,,  31,  26  (1909). 
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The  values  of  the  a>nductivity  which  show  the  rate  at  which  the  re- 
action was  taking  place  in  the  case  of  the  two  solutions  examined  are 
given  above.  The  conductivities  are  expressed  in  terms  of  reciprocal 
ohms. 

The  above  values  are  shown  graphically  in  Fig.  i ,  where  the  conduc- 
tivities are  plotted  as  ordinates,  and  time  as  abscissae.  We  notice  that 
while  in  the  case  of  the  more  concentrated  solutioa  the  final  value  is  much 
the  greater,  both  attained  their  maximum  value  in  about  the  same  time. 


To  ascertain  whether  this  reaction  was  caused  by  the  platinum  black 
of  the  electrodes,  two  sets  of  solutions  of  the  same  concentration  as  those 
described  above  were  made  up.  In  one  set  a  very  small  amount  of  plat- 
inum black  was  placed,  but  none  in  the  other.  After  25  hrs.  the  conduc- 
tivities of  all  were  measured,  and  those  in  which  the  platinum  black  had 
been  had  the  same  conductivity  as  the  two  solutions  previously  examined, 
irtiile  the  set  that  had  not  been  in  contact  with  the  platinum  black  had 
only  very  small  conducting  power,  not  much  greater  than  what  seems 
to  be  the  initial  conductivity  of  the  iodine.  Obviously  the  reaction  had 
not  taken  place  to  any  extent  in  the  absence  of  the  platinum  black.  KrOss 
and  Thiele'  have  found  that  iodine  reacts  with  alcohol  at  high  terapera- 
'Locea. 
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tures.  It  may  be  that  this  is  the  same  reaction,  the  velocity  of  which 
is  increased  enormously  at  low  temperatures  by  the  platinum  black. 

As  might  be  expected  as  a  result  of  this  reaction,  the  color  of  the  solu- 
tion becomes  much  lighter. 

The  effect  of  temperature  on  the  reaction  was  next  examined.  At  o** 
the  conductivity  of  a  newly  prepared  solution  increased  only  very  slowly 
with  time,  so  slowly  that  at  this  temperature  it  was  possible  to  carry  out 
the  measurements  of  the  initial  conductivity  of  the  iodine.  At  — 78** 
the  conductivity  did  not  change  appreciably  upon  standing  in  contact 
with  the  platinum  black  for  45  minutes. 

The  following  values  were  obtained  by  measuring  the  conductivity  of 
the  iodine  in  ethyl  alcohol  at  0°.  The  solutions  were  made  up  and  meas- 
ured as  quickly  as  possible,  the  alcohol  being  cooled  to  0°  before  intro- 
ducing the  iodine.  The  alcohol  used  was  as  pure  as  we  could  prepare. 
Following  the  usual  procedure  in  the  case  of  aqueous  solutions,  we  have 
subtracted  the  conductivity  of  the  pure  alcohol  from  that  of  the  solu- 
tion in  order  to  arrive  more  nearly  at  the  conductivity  of  the  iodine. 
We  recognize,  of  course,  that  in  the  case  of  either  type  of  solution,  this 
is  a  questionable  method  of  procedure. 

ConcentraUon  of  solution.  Specific  conductivity.  Equivalent  conductivity. 
O.I    N                                  2.36  X  10"*  0.0236 

0.02  N  0.82  "  0.0413 

0,01  N  0.67         "  0.0677 

It  is  apparent  from  these  measurements  that  the  conductivity  of  the 
iodine  in  these  solutions  is  very  small.  It  may  be  asked  if  impurities 
present  in  either  substance  would  not  account  for  this  obser\^ed  increase 
in  conductivity.  In  reply  we  can  only  say  that  each  substance  has  been 
repeatedly  treated  in  order  to  further  piuify  it,  and  always  gives  the  same 
conductivity. 

It  will  be  noted  that  the  equivalent  conductivity  is  increasing  with 
the  dilution,  as  is  usually  the  case  with  aqueous  solutions. 

Measurements  were  also  made  of  the  conductivity  of  iodine  in  methyl 
alcohol.  The  measurements  indicate  a  somewhat  greater  conductivity 
than  in  the  case  of  the  ethyl  alcohol,  with  the  same  variation  between 
the  conductivity  and  the  concentration,  as  shown  above. 

Bray  has  found  the  specific  conductivity  of  aqueous  solutions  of  iodine 
after  they  have  stood  for  15  minutes  to  be  3 . 8  X  10"^  which  is  of  the  same 
order,  but  a  little  greater  than  the  above  values. 

A  newly  prepared  solution  of  iodine  in  ethyl  alcohol  was  tested  as  to 
its  conductivity  at  0°,  then  gradually  cooled  to  — 78°.  Its  conductivity 
continually  decreased  as  the  temperature  fell,  and  no  further  indication 
could  be  found  of  a  compound  being  formed  even  at  this  low  tempera- 
ture. 
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The  conductivity  of  some  very  pure  toluene  was  measured,  and  a  solu- 
tion of  iodine  prepared  in  this  solvent,  but  not  the  slightest  increase  in 
conductivity  due  to  the  iodine  present  could  be  detected. 

It  seems  not  unlikely  that  the  feeble  conducting  power  of  the  alcoholic 
solutions  of  iodine,  when  first  prepared,  which  are  brown  in  color,  is 
due  to  the  dissociation  of  a  compound  formed  between  the  alcohol  and 
iodine.  This  compound  is  probably  dissociated,  however,  only  to  a  very 
small  extent. 

Summary. 

(i)  The  conductivity  of  solutions  of  platinum  tetraiodide  in  ethyl  alco- 
hol have  been  measured. 

(2)  The  molecular  conductivity  of  these  solutions  increases  with  the 
dilution  and  attains  a  constant  value  at  dilutions  of  about  600  liters. 

(3)  The  conductivity  of  solutions  of  iodine  in  alcohol  increases  with 
the  time  reaching  a  maximum  value  in  about  35  hours. 

(4)  The  velocity  of  the  reaction  which  probably  accounts  for  this  in- 
aease  in  conductivity  is  greatly  accelerated  by  the  presence  of  platinum 
black. 

(5)  The  initial  specific  conductivity  of  o.i  N  iodine  in  ethyl  alcohol 
amounts  to  2.4  X  io~*  reciprocal  ohms. 

(6)  It  is  suggested  that  the  brown  color  of  the  alcoholic  solutions  of 
iodine  is  due  to  the  formation  of  a  compound  between  the  solvent  and 
solute  which  is  feebly  ionized,  giving  the  low  initial  conductivity  observed. 

Stkacusb  Univksjuty,  Svkacubb.  N.  Y. 
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ACID  AlTD  ITS  SALTS.  II.  THE  SEDUCTION  OF  HYDRO- 
NITRIC  ACID  BY  CUPROUS  OXIDE. 

BT  J.  W.  TuUtBNTINB  AND  RAYMOND  L.  IfOOU.. 

Reedvcd  February  2.  1912. 

In  a  previous  communication^  it  was  shown  that  corrosion  efficiencies 
exceeding  100%  were  obtained  when  the  metals  magnesium,  aluminium 
and  zinc  were  made  anode  in  a  2%  sodium  trinitride  solution.  In 
some  instances  the  efficiencies  approached  200%,  the  calculations  being 
based  on  the  cathode  values  obtained  from  a  copper  coulometer,  and  on 
the  electrochemical  equivalents  of  those  metals  computed  from  the  val- 
ence normally  displayed  by  them. 

To  accotmt  for  the  anomalously  large  values  obtained  under  the  condi- 
tions existing  in  these  experiments,  it  was  deemed  plausible  to  hypothe- 
size for  those  elements  electrochemical  equivalents  twice  as  large  as  those 
ordinarily  attributed  to  them.  To  do  so  it  was  necessary  to  consider 
them  as  dissolving  electrochemically  as  metals  of  a  lower  valence.  Thus, 
*  This  Journal,  33,  803  (191 1). 
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electrochemical  equivalents  calculated  for  monovalent  magnesium  and 
zinc  gave  corrosion  ejffidencies  which  appeared  to  conform  with  Para- 
day's  law,  while  those  obtained  for  the  same  metals,  as  divalent  ele- 
ments manifestly  could  not  so  conform.  Other  reactions  into  which  these 
elements  are  known  to  enter  make  it  necessary  to  hypothesize  for  them 
valences  lower  than  that  normally  manifested  by  them. 

Furthermore,  in  the  experiments  referred  to,  gaseous  nitrogen  was 

evolved  at  the  anode  in  every  instance,  thus  seemingly  increasing  the  elec- 
trochemical efl&ciency. 

In  the  stable  compounds  of  magnesium  and  zinc,  those  elements  ex- 
hibit only  divalence,  from  which  it  may  be  concluded  that  compounds 
in  which  they  exhibit  monovalence  are  sufficiently  unstable  to  make 
their  isolation  difficult,  or  impossible.  So,  such  compounds,  forming 
at  an  anode  undergoing  corrosion,  must  break  down  practically  instan- 
taneously to  the  more  stable  form.  The  change  of  the  metal  from  the 
monovalent  to  the  divalent  form  is  an  oxidation  and  therefore  involves 
a  reduction  of  the  oxidizing  agent. 

In  a  previous  research^  the  same  explanation  was  advanced  for  a  sim- 
ilar anomalous  behavior  of  magnesium  and  alummium  anodes.  In  sub- 
stantiation of  the  explanation,  an  evolution  of  hydrogen  at  the  anode  was 
observed.  This  was  taken  to  be  a  product  of  the  reaction  between  the 
wistable  metallic  compounds  and  water — ^being  a  reduction  of  water. 

In  the  study  of  the  electr€>chemical  corrosion  of  metals  in  sodium 
trinitride  solution,  the  gas  evolved  at  the  anode  was  nitrogen,  with,  per- 
haps, in  some  cases,  a  small  proportion  of  hydrogen.  Nitrogen,  normally, 
would  be  evolved  at  the  anode  in  such  a  solution,  resulting  from  the  dis- 
charge of  the  nitride  ions,  if  the  corrosion  were  not  quantitative.'  How- 
ever, even  then,  in  instances,  the  equivalent  in  nitrogen  of  the  corrosion 
deficiency  was  exceeded.  Clearly,  the  indication  was  that  some  nitro- 
gen was  being  liberated  through  a  secondary,  anode  reaction;  and,  as 
hydrogen  was  not  evolved,  it  appeared  that  the  oxidation  was  being 
effected  by  some  substance  capable  of  yielding  nitrogen  as  a  reduction 
product.    Such  a  substance  was  the  sodium  trinitride,  or  the  nitride  ion. 

The  reduction  of  hydronitric  acid  has  been  shown  to  )aeld  ammonia 
tmder  certain  conditions.*  A  reaction  was  proposed,  therefore,  which 
considered  the  formation  of  ammonia  as  well  as  the  evolution  of  nitrogen. 
This  reaction  may  be  represented  by  the  equation: 

(i)     4M<i>N,  +  6HjO  =  MC">Ne[+  3M(">(0H)j]+  2NH,  -h  2N, 

In  substantiation  of  the  proposed  reaction,  the  evolution  of  nitrogen 
having  been  determined,  the  solution  which  had  been  undergoing  dec- 

*  "Reversed  Electrolysis,"  /.  physic.  Chem.,  12,  448  (1908). 

*  Szarvasy,  /.  Chem.  Soc,  77,  603  (1900). 

'  Cf .  reference  to  literature,  This  Journal,  he.  cit. 
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trolysis  (with  zinc  anode)  was  analyzed  for  ammonia,  with  affiimative 
results.  Furthermore,  in  the  solution  in  which  magnesium  anodes  were 
corroded,  hydrazine  also  appeared  to  be  present,  in  addition  to  ammonia. 
To  account  for  the  additional  reduction  product,  the  following  equation 
was  proposed : 

(2)  8M^>N,  4-  ioH,0  -  3M<«>Ne[4-  5M<^^>(0H),]-f  2NH3  +  N,H,  +  N, 

Such  reactions  as  these  should  lend  themselves  to  experimental  veri- 
fication. While  it  may  not  be  possible  to  prepare  at  will  magnesious, 
aluminous,  or  zincous  compounds,  and  to  permit  them  to  react  with 
hydronitric  acid,  it  should  be  possible  to  induce  reactions,  in  a  general 
way  similar  to  those  proposed,  with  metallic  compotmds,  more  stable 
than  the  hypothetical  magnesium  and  zinc  compounds,  but  still  easily 
oxidized. 

It  was  deemed  possible  that  cuprous  compounds  might  be  induced  to 
react  with  hydronitric  acid  in  a  manner  analogous,  if  not  similar,  to  that 
hypothesized  for  magnesious,  zincous  and  aluminous  compounds.  How- 
ever, it  was  recognized  that  the  former  should  be  a  weaker  reducing  agent 
than  the  latter,  judging  by  their  relative  positions  in  the  electrochemical 
series;  and  that,  if  the  liberation  of  the  so-called  nascent  hydrogen  func- 
tioned in  the  reduction  by  the  latter,  the  cuprous  compound  could  not 
effect  the  desired  reduction  of  the  hydronitrogen. 

The  reactions,  then,  between  a  cuprous  compound  and  hydronitric 
acid,  or  the  trinitride  ion,  should  result  jn  either  the  precipitation  of  a 
mixture  of  metallic  copper  and  cupric  trinitride,^  a  reaction  analogous 
to  that  of  sulfuric  acid  with  cuprous  oxide  in  the  cold,  or  in  the  oxidation 
of  the  copper  to  the  cupric  condition  with  the  formation  of  ammonia, 
or  of  ammonia  and  hydrazine,  within  the  solution,  and  with  the  evolu- 
tion of  gaseous  nitrogen.  The  demonstration  of  the  occurrence  of  such  a 
reaction  with  cuprous  compounds  and  hydronitric  acid,  it  was  believed, 
would  be  acceptable  as  a  sort  of  proof  of  the  correctness  of  the  proposi- 
tion that  reactions  of  the  same  type  occur  at  magnesium  and  zinc  anodes 
in  trinitride  solutions. 

To  rq>roduce  chemically,  then,  or  to  analogize,  the  Hypothetical  re- 
actions induced  electrochemically,  the  experiments  to  be  described  in 
the  following  paragraphs  were  performed: 

Historical. — Curtius  and  Rissom'  prepared  compounds  of  copper  with 
hydronitric  acid  by  treating  (i)  copper  sulfate  with  sodium  trinitride, 
in  aqueous  solution,  and  (2)  by  allowing  an  aqueous  hydronitric  acid  solu- 
tion to  react  with  metallic  copper.  In  both  cases,  brown-yellow,  crys- 
tallin  salts  were  obtained,  difficultly  soluble  in  water,  the  one  prepared 

^  Cupric  trinitride  is  a  sparingly  soluble  body.    Cf.  Curtius  and  Rissom,  /.  prakt, 
Chem,,  58y  261  (1898). 
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from  copper  sulfate  showing  the  composition  corresponding  to  the  for- 
mula CuNe.  While,  superficially,  both  substances  were  identical,  the  auth- 
ors having  in  mind  the  analogy  which  appeared  to  exist  between  hydro- 
nitric  acid  and  the  halogen  hydracids,  expected  to  obtain  a  cuprous  com- 
pound from  the  interaction  of  metallic  copper  and  hydronitric  acid,  cor- 
responding to  cuprous  chloride,  obtainable  from  the  interaction  of  metal- 
lic copper  and  hydrochloric  acid.  In  a  later  communication,*  Curtius 
mentions  the  existence  of  cuprous  trinitride,  obtainable  by  treating 
cuprous  oxide  with  hydronitric  acid.  This  compound  was  described 
as  deep  red  in  color. 

Dennis  and  Isham^  prepared  cupric-ammonium  trinitride  (CUN5.2NH,) 
and  cupric-pyridine  trinitride  (CuNe.2C8H6N),  crystallin  compounds. 

In  the  corrosion  of  copper  anodes  in  sodium  trinitride  solution,  copious 
precipitates,  yellow  in  color,  were  obtained.'  This  was  taken  to  indicate 
that  copper  was  dissolving  from  the  anode  in  the  cuprous  condition  and 
was  being  precipitated  subsequently  as  cuprous  hydroxide  by  interac- 
tion with  sodium  hydroxide  from  the  cathode  region. 

Experimental.  * 

Preparation  of  Material, — Hydronitric  acid  was  prepared  by  the  distilla- 
tion of  a  solution  of  sodium  trinitride  (coromercial),  obtained  from  Rascbig, 
acidified  with  sulfuric  acid.  The  distillate  was  diluted  to  an  approxi- 
mately 2%  concentration. 

Cuprous  oxide  was  precipitated  by  glucose  from  an  alkaline  double 
tartrate  solution.  This  was  washed  repeatedly  with  distilled  water. 
Other  portions  were  prepared  by  electrolyzing  a  cold  solution  of  sodium 
chloride  between  copper  electrodes. 

The  Interaction  of  Hydronitric  Acid  and  Cuprous  Oxide, — On  the  addi- 
tion of  hydronitric  acid  to  yellow  cuprous  oxide,  the  latter  quickly  changed 
from  the  granular  to  a  flocculent  condition,  becoming  much  more  bulky. 
Its  color  changed  simultaneously  from  the  reddish  yellow  of  the  cuprous 
oxide  to  a  brown  yellow.*  The  precipitate  reacted  with  concentrated 
hydrochloric  acid,  yielding  a  white  solid,  presumably  cuprous  chloride. 
With  concentntted  sulfuric  acid,  a  precipitate  of  dark  red,  metallic  cop- 

*  Ber.,  23,  3023. 

*  This  Journal,  29,  18  (1907). 

'  Ihid.,  33,  803  (191 1),  see  p.  824. 

*  The  color  of  the  precipitate  as  first  formed  appears  to  be  a  function  of  the  color 
of  the  cuprous  oxide  used.  If  that  be  yellow,  the  color  of  the  precipitate  obtained 
with  hydronitric  acid  is  more  yellow;  if  the  color  be  red,  the  precipitate  obtained  is  at 
first  red.  This  fact  probably  accounts  for  Curtius'  statement  {Ber,^  231  3023)  that 
cuprous  trinitride  is  red.  As  the  transformation  from  cuprous  oxide  to  the  nitrogen 
compound  is,  of  course,  not  an  instantaneous  one — one  of  the  reacting  substances 
being  a  solid — the  first  colors  obtained  are  composit  of  those  of  the  oxide  and  the 
nitrogen  compounds  resulting.  In  the  light,  the  color  of  the  cupric  trinitride  eventually 
prevsdls  and  the  substances  become  dark  brown. 
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per  resulted.  These  reactions  are  characteristic  of  cuprous  compounds 
and  show  the  presence  within  the  precipitate  of  some  cuprous  compound. 
The  compound  was  soluble  in  ammoniimi  hydroxide  and  ammonium  chlor- 
ide solutions.  In  the  latter  a  colorless  solution  resulted,  turning  blue  in 
contact  with  the  air.  The  solid,  on  exposure  to  air,  rapidly  became  dark 
brown  and  on  drying  was  extremely  explosive  (CuN^?);  on  standing  in 
a  test  tube,  covered  with  its  mother  liquor,  but  exposed  to  diffused  sun- 
light, its  color  changed  from  yellow  to  the  dark  brown  of  cupric  tri- 
nitride.  The  darkening  in  color  occurred  earlier,  and  was  more  intense 
on  the  side  toward  the  source  of  light.  This  change  was  accompanied 
by  a  slow  evolution  of  gas.  The  supernatant  liquid  was  straw-yellow  in 
color,*  from  which,  by  the  very  careful  addition  of  dilute  ammonium  hy- 
droxide, with  heating,  there  was  produced  a  slight  yellow  precipitate, 
soluble  in  a  slight  excess  of  the  precipitant.  This  was  taken  to  be  cuprous 
hydroxide.  To  other  portions  of  the  supernatant  liquid  was  added 
potassium  hydroxide.  On  warming,  ammonia  was  evolved,  as  was  attested 
both  by  litmus  paper  and  the  sense  of  smell.  Tests  for  hydrazine  with 
Pehling's  solution,  applied  to  the  supernatant  liquid,  gave  negative  re- 
sults. 

The  presence  of  sulfuric  acid  (5  cc.  6  A^  to  10  cc.  2%  HNg  soln.)  retarded 
the  color  changes;  however,  the  effervescence  produced  by  the  reaction 
between  the  cuprous  oxide  and  hydronitric  acid  was  more  marked  in  its 
presence,  and  the  production  of  ammonia  was  quite  as  marked.  Dilute 
sulfuric  acid  added  to  the  solid  after  it  had  become  black  from  exposure 
to  the  light  restored  the  original  pale  yellow  color,  the  superficial  coating 
of  dark  brown  solid  dissolving  in  the  acid  to  a  blue  solution. 

While  in  every  instance  where  the  precipitate  was  exposed  to  the  light 
it  turned  dark  brown,  when  kept  in  the  dark  it  became  white  and  remained 
so  seemingly  indefinitely.  Its  supernatant  liquid,  acidified  with  hydro- 
nitric  and  sulfuric  acids,  gradually  assumed  the  blue  color  of  the  cupric 
ion. 

Small  portions  of  the  white  precipitate  were  exposed  to  the  focused 
light  of  a  carbon  arc  (15  amp.,  1 10  volt)  for  various  lengths  of  time,  an 
exposure  of  5  sec.  being  sufficient  to  turn  the  solid  a  dark  brown.  At 
the  same  time  there  was  a  marked  evolution  of  gas.  The  coloration  was 
only  superficial,  the  dark  color  on  the  surface  protecting  the  colorless 
compound  beneath.    This  became  evident  on  stirring. 

In  order  to  determin  the  nature  of  the  gas  evolved,  a  portion  of  the 
cuprous  oxide,  in  a  15  cc.  test  tube,  was  treated  with  10  cc.  hydronitric 
add  solution  and  5  cc.  6  iV  sulfuric  acid.'     The  tube  was  closed  with  a 

*  Tms  Journal,  33,  803  (1911),  see  p.  824. 

'  The  sulfuric  acid  was  added  because  in  its  presence,  it  has  been  noted,  the  efier- 
vescence  is  more  rapid.    The  presence  of  the  acid,  however,  is  not  essential   to  the 
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one-boled  rubber  stopper  through  which  was  inserted  a  capillary  de- 
livery tube.  This  was  bent  at  the  proper  angles  so  as  to  deliver  the  gas 
into  an  inverted  buret,  filled  with  water,  to  serve  as  a  gas  holder.  The 
test  tube  was  so  filled  that  when  the  stopper  was  forced  into  position 
all  of  the  gas  and  some  of  the  liquid  were  forced  out  through  the  capil- 
lary. Thereafter,  any  gas  delivered  into  the  gas  holder  was  only  that 
evolved  fron  the  reacting  substances  within  the  tube. 

At  the  end  of  about  one  week  14  cc.  of  gas  had  been  collected. 
This  was  analyzed  in  separate  portions  for  oxygen  and  hydrogen, 
respectively,  by  shaking  with  alkaline  p)rrogallol  in  a  Hempd  pipet 
and  by  passing  over  freshly  ignited  palladium  black,  at  a  temperature 
near  100°.  The  first  portion  of  5.8  cc.  was  mixed  with  12.6  cc.  of  pure 
nitrogen,*  making  a  total  volume  of  18 . 4  cc.  The  volume  remaining  after 
the  absorption  in  alkaline  pyrogallol  and  palladium  black  was  18.2  cc, 
showing  a  contraction  of  0.2  cc.  The  second  portion,  8.8  cc,  was  added 
to  the  residues  from  the  preceding  analysis,  making  a  total  volume  of 
27.0  cc.  The  residue  from  the  palladium  absorption  measured  26.8  cc. 
showing  an  absorption  of  only  0.2  cc,  a  value  hardly  outside  the  limits 
of  experimental  error.  On  the  basis  of  these  analyses  (and  on  others 
of  volumes  of  gas  obtained  under  like  conditions  from  other  compounds 
reacting  with  hydronitric  acid)  the  gas  evolved  under  these  experimental 
conditions  was  taken  to  be  practically  pure  nitrogen.' 

The  foregoing  observations  indicate  that  cuprous  oxide  reacts  with 
hydronitric  acid  to  form  an  unstable  compound  containing  nitrogen 
which,  in  contact  with  an  excess  of  the  acid,  undergoes  gradual  transforma- 
tion into  cupric  trinitride.  The  transformation,  being  an  oxidation, 
results  in  tiie  reduction  of  the  oxidizing  agent,  hydronitric  acid,  and  yields, 
as  the  reduction  products  of  that  acid,  ammonia  and  nitrogen. 

The  following  equation  is  proposed  to  represent  qualitatively  the  re- 
duction of  hydronitric  acid  by  cuprous  oxide: 

Cu,0  -h  5HN5  =«  2CuNe  4-  H3O  +  NH,  +  N,. 

They  indicate  further  that  this  transformation  takes  place  more  readily 
in  the  presence  of  sulfuric  acid,  a  fact  which  would  be  explicable  on  the 
supposition  that  the  protective  coating  of  cupric  trinitride,  difficultiy 
soluble  in  water,  is  constantiy  being  removed  by  solution  in  sulfuric 
acid. 

There  is  evidence  also  that  the  oxidation  of  cuprous  trinitride  by  hy- 
dronitric acid  is  a  reaction  that  is  greatiy  accelerated  by  light. 

Analysts.  —  Numerous   attempts   were   made   to   determin   quantita- 

^  From  previous  analyses;  added  to  secure  a  convenient  volume. 

'The  activity  of  the  palladium  black  was  repeatedly  tested  with  voltmies  of 
hydrogen  prepared  from  zinc  and  sulfuric  acid;  the  hydrogen  was  invariably  absorbed 
quantitatively. 
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tivdy  the  copper  and  nitrogen  content  of  the  compound  produced  from 
cuprous  oxide.  On  account  of  its  lack  of  stability  in  the  air  and  light, 
portions  were  prepared  and  were  filtered,  washed  and  dried  in  an  atmos- 
phere of  hydrogen,  the  entire  operation  being  carried  out  in  red  light, 
or  in  the  dark.  Because  of  its  supposed  explosive  character,  it  was  fil- 
tered in  small  amounts  on  separate  filters.  To  this  purpose  a  Bruehl 
receiver  for  use  in  vacuum  distillations  was  adapted.  The  rack  for  hold- 
ing the  receiving  tubes  was  supported  on  a  single  glass  foot  and  was  held 
upright  by  wedges.  In  it  were  placed  five  funnels  containing  tared 
filter  papers.  The  side  aperttu'es  were  provided  with  rubber  stoppers 
throu^  which  were  inserted  glass  tubes  for  the  entrance  and  exit  of  a 
stream  of  hydrogen.  The  tube  in  the  lower  side  aperture  was  so  bent 
as  to  enter  a  slight  depression  in  the  lowest  part  of  a  sloping  false  bottom 
of  paraffin,  and  was  provided  at  its  inner  end  with  a  short  section  of  rub- 
ber tubing  to  make  a  closer  contact  with  the  bottom  of  the  depression. 
Thus  all  liquids  coming  from  the  various  filters  were  made  to  flow  into 
the  depression  and  were  forced  thence  out  through  the  exit  tube.  In 
this  way  the  last  drop  of  liquid  could  be  blown  out  by  the  issuing  stream 
of  hydrogen.  The  stem  of  a  dropping  funnel  entered  through  the  open- 
ing in  the  lid.  It  was  bent  at  an  angle  and  could  be  turned  so  as  to  de- 
liver solutions  and  suspended  precipitates  into  the  various  filters  as  de- 
sired.    Wash  liquids  were  admitted  in  a  similar  manner. 

The  air  was  displaced  in  the  filtration  vessel  by  hydrogen.  Portions 
of  the  yellow  substance  prepared  and  filtered  in  the  maimer  indicated 
were  washed  with  distilled  water,  absolute  alcohol  and  ether,  previously 
freed  from  air  by  shaking  with,  and  maintaining  under  hydrogen.  They 
were  then  dried  for  48  hours  by  passing  a  stream  of  hydrogen,  dried  over 
concentrated  sulfuric  acid,  through  the  apparatus.  After  the  washing,  the 
vessel  was  enveloped  in  black  paper  to  exclude  light.  The  precipitates, 
together  with  the  papers  holding  them,  were  then  weighed  between  tared 
watch-glasses.  It  was  noted  that  they  lost  weight  rapidly  on  the  bal- 
ance pan.  They  were  transferred  to  graduated  flasks  containing  am- 
monium hydroxide;  after  they  had  dissolved,  the  flasks  were  filled  to  the 
mark  with  water. 

For  the  determination  of  hydronitric  acid,  aliquot  portions  were  trans- 
ferred rapidly  to  distilling  flasks  containing  sulfuric  acid  in  excess  over 
that  requisite  to  the  neutralization  of  the  ammonium  hydroxide  and  were 
distilled  in  the  usual  way  into  receiving  solutions  of  silver  acetate. 

Copper  was  determined  dectrochemically  from  the  solution  remaining 
in  the  distilling  flask  after  the  distillation. 

Strictly  concordant  results  were  obtained  for  both  nitrogen  and  cop- 
per; these  were  foimd  to  be  present  in  approximately  equivalent  amounts, 
with  copper  in  slight  excess;  of  nitrogen  there  was  found  29.6  %  and  of 
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copper  49. 1%,  equaling  78.7%.  If  water  of  combination  be  considered 
as  making  up  the  balance,  these  values  are  in  close  agreement  with  the 
formula  CuN3.2HjO. 

From  a  sample  representing  0.0348  g.  material  was  obtained  0.0368  g. 
AgNj,  equivalent  to  0.0103  g.  N,  (=  29.6%).  This  weight  of  nitrogen, 
on  the  basis  of  the  formula  CUN3.2H3O,  is  equivalent  to  0.0156  g.  copper, 
(foimd,  0.0167  g.  copper)  and  to  0.0088  g.  water;  total,  0.0347  g. 

Under  the  conditions  existing  in  these  experiments,  one  would  expect 
to  obtain  cuprous  trinitride.  In  the  absence  of  a  determination  of  water, 
it  cannot  be  said  with  definiteness  whether  the  formula  proposed  repre- 
sents the  actual  composition  of  the  compound,  or  is  in  agreement  with 
the  values  obtained  only  through  a  coiocidence. 

The  excess  ia  copper  over  nitrogen,  it  may  be  pointed  out,  is  to  be  ex- 
pected when  it  is  remembered  that  a  reaction  between  a  solid  and  a  liquid 
may  quite  easily  be  incomplete,  due  to  the  protective  coating  on  the  solid 
of  the  product  of  the  reaction,  where  the  product  is  likewise  a  solid.  It 
is  to  be  expected,  then,  that  a  small  amount  of  cuprous  oxide  would  still 
be  present. 

The  application  of  the  results  described  in  the  forgoing  paragraphs 
to  the  anomalous  electrochemical  corrosion  of  magnesium  and  zinc  in 
sodium  trinitride  solution  has  been  made,  through  predicted  analogies, 
in  the  preamble.  They  tend  to  support,  furthermore,  the  interpretation 
of  the  phenomena  observed  when  copper  is  made  anode  in  that  solution. 
The  formation  of  the  highly  explosive  black  compound  on  the  anode 
may  be  explained  as  the  result  of  the  nitridation  of  the  soluble  cuprous 
trinitride  to  the  insoluble  cupric  compound. 

Sununary. 
In  the  reaction  between  hydronitric  acid  and  cuprous  oxide  the  add 
plays  the  role  of  an  oxidizing  agent  and  is  reduced  to  ammonia  and  nitro- 
gen. 

WB8LBYAN  XJNITBKmY,  MiDDLBIOWM.  CONM. 
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Cuprous  Chloride. — When  cuprous  chloride  is  treated  with  dilute 
hydronitric  acid  it  is  transformed  from  the  white,  crystalline  form  into  a 
bulky,  yellow  and  flocculent  condition.  When  the  latter  substance  is 
treated  with  hydrochloric  acid,  the  white  crystalline  condition  is  re- 
sumed, a  fact  which  indicates  that  the  reaction  is  reversible. 

Cuprous  chloride,  prepared  by  one  of  the  well  known  methods,  was 
washed  by  decantation  with  distilled  water  until  yellow  tints  began  to 
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appear.  It  was  then  treated  with  a  2%  solution  of  hydronitric  acid. 
When  treated  with  a  single  portion  of  the  acid  a  compound  resulted  which 
was  fairly  stable  in  the  air  and  light,  and  which  contained  both  chlorine 
and  nitrogen.  This  was  filtered,  washed  and  dried  without  any  great 
change  in  color.  Portions  of  the  dried  substance  dropped  upon  a  hot 
plate  exploded  with  a  sharp  report  and  a  flash  of  green  flame.  When  it 
was  blown  into  a  flame,  beautiful  g^een  scintillations  were  produced. 

A  small  portion  of  this  substance  was  prepared  for  analysis  in  the  same 
way  as  was  the  cuprous  trinitride,  as  described  in  the  foregoing  paper. 
The  results  of  the  analyses  were  concordant  and  showed  the  presence  in 
the  mixture  of  53. 7%  copper  and  11. 2%  chlorine.  As  the  substance 
must  be  regarded  as  a  mixture,  no  importance  can  be  attached  to  the  ana- 
lytical data. 

When  the  cuprous  chloride  was  treated  repeatedly  with  fresh  portions 
of  hydronitric  add  solution,  a  substance  was  formed  which  was  quite 
sensitive  to  light  and  air,  and  resembled  closely  the  product  obtained 
from  the  interaction  of  cuprous  oxide  and  hydronitric  acid.  A  micro- 
chemical  analysis  of  this  material  showed  the  presence  of  the  trinitride, 
and  the  absence  of  the  chloride  ion,  from  which  it  must  be  concluded 
that  the  compound  was  the  cuprous  trinitride. 

Small  portions  of  the  substance  containing  both  chlorine  and  nitrogen, 
together  with  the  solutions  in  which  they  had  been  formed,  were  left  un- 
disturbed for  'several  weeks  in  test  tubes  closed  with  corks.  Brilliant, 
black  crystals,  resembling  jet,  formed  in  the  supernatant  solution  and 
grew  radially,  while  the  original  solid  slowly  disappeared.  The  mother- 
liquor  was  green  in  color.  Under  the  microscope  the  jet-like  crystals 
were  found  to  be  bundles  of  closely  packed,  translucent  needles,  of  a  dark, 
brownish  green  color.  A  microchemical  analysis  showed  the  presence 
of  the  trinitride  ion  and  the  absence  of  the  chloride  ion — a  white  precipi- 
tate was  produced  when  the  vapor  from  the  nitric  acid  solution  of  the  sub- 
stance came  into  contact  with  silver  nitrate  solution;  this  precipitate  was 
soluble  in  nitric  acid,  and  the  addition  of  silver  nitrate  to  the  solution 
from  which  the  vapor  was  evolved  gave  no  precipitation. 

Minute  pieces  of  the  needles  dropped  upon  a  hot  plate  exploded  with  a 
sharp  snap  and  a  flash  of  green  flame.  The  compound  was  taken  to  be 
crystalline  cupric  trinitride,  resulting  from  the  gradual  formation  of 
cupric  ions  in  the  presence  of  the  trinitride  ions.  Cupric  trinitride  has 
been  shown  to  be  a  substance  but  sparingly  soluble  in  water.*  How- 
ever, because  of  its  explosive  nature,  the  compound  was  not  submitted 
to  a  quantitative  analysis. 

Metallic  Copper. — Finely  divided  metallic  copper  was  prepared  from 
copper  sulfate  by  precipitation  with  granulated  zinc.     On  the  complete 

'  Curtius  and  Rissom,  /.  prakt.  Chem.,  58,  261  (1898). 
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precipitation  of  the  copper,  the  precipitate  was  boiled  with  successive, 
fresh  portions  of  dilute  sulfuric  acid  until  there  was  no  further  evolution 
of  gas.  This  procedure  shotild  have  insured  the  complete  removal  of 
all  zinc. 

Metallic  copper,  prepared  as  stated,  was  treated  with  a  few  cubic  centi- 
meters of  2%  hydronitric  acid.  A  slow  evolution  of  gas  immediately 
ensued.  The  red  color  of  the  copper  gradually  changed  to  the  dark 
brown  of  the  fiocculent  cupric  trinitride.  The  supernatant  liquid  be- 
came neutral  to  litmus  and,  after  about  a  week,  deposited  pale  blue 
copper  compounds,  presumably  basic.  The  addition  of  a  drop  of  sodium 
hydroxide  to  the  solution  produced  a  yellow  precipitate,  doubtless  of 
cuprous  oxide.  Ammonia,  was  evolved  without  warming  and  in  such 
amounts  as  to  be  distinctly  evident  to  the  sense  of  smell.  Its  evolution 
was  further  attested  by  the  bluing  of  red  litmus  paper  and  the  blacken- 
ing of  mercurous  nitrate  paper.  Tests  for  hydrazine  with  Fehling's 
solution  showed  no  reduction. 

In  order  to  determine  the  composition  of  the  gas  evolved  from  the 
action  of  hydronitric  add  on  copper,  the  reaction  was  allowed  to  take 
place  in  a  stoppered  tube  and  the  evolved  gas  was  conducted  into  a  gas- 
holder, as  described  in  the  account  of  the  corresponding  experiment 
with  cuprous  oxide. 

In  twelve  hours  25  cc.  of  gas  had  accumulated.  This  was  analyzed 
in  portions,  the  following  values  from  a  single  analysis  being  typical: 
A  sample,  17.0  cc.  in  volume,  was  added  to  a  volume  of  33.2  cc.  of  pure 
nitrogen,^  making  a  total  volume  of  50.2  cc.  Over  alkaline  p}rrogailol 
there  was  a  contraction  to  49. 7  cc.,  representing  a  loss  in  volume  of  0.5 
cc.  Passhig  the  gas  repeatedly  over  palladium  black,  at  a  temperature 
near  100^,  caused  no  further  contraction;  accordingly,  it  was  taken  to 
be  niirogen.  Ammonia  was  found  to  be  present  in  the  solution  result- 
ing. 

These  experiments,  although  extremely  simple,  establish  the  fact 
that  the  reduction  of  hydronitric  acid  by  metallic  copper  yields  ammonia 
and  nitrogen  as  reduction  products.  Copper  dissolves  in  hydronitric 
acid  with  an  effervescence  of  nitrogen.  The  ammonia  resulting  from  the 
reaction  neutralizes  its  equivalent  of  hydronitric  acid  to  form  ammo- 
nitmi  trinitride.  It  was  assumed,  without  analysis,  that  the  copper  be- 
came, superficially  at  least,  the  cupric  trinitride.'  The  following  equa- 
tion is  proposed  to  represent  the  reaction  between  copper  and  hydro- 
nitric acid : 

Cu  +  4HN3  -  CuN,  +  NH^Na  +  N, 

Wbslbyam  UMXVBsaiTy,  Middlbtown.  Conn. 

'  From  a  previous  analysis.    The  addition  was  merely  to  give  a  convenient  voltmie 
with  which  to  work. 

'  Tms  Journal,  33,  803  (191 1)*  see  p.  824* 
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THE  REDUCTIOlf  OF  HYDRONITRIC  ACID.    L    A  PRSLIMmARY 
NOTE  ON  THE  STRUCTURE  OF  HYDRONITRIC  ACID. 

Bt  J.  W.  TuMMMtmnm* 
Rcfdved  Febnury  12,  1912. 

Following  experiments  by  E.  Fischer/  which,  in  the  light  of  our  fuller 
knowledge  of  the  behavior  of  hydrazine  upon  oxidation,  could  at  least 

,.N 
be  given  a  different  interpretation — ^the  structural  formula,  H- 


[-n/  II 


has  been  given  to  hydronitric  acid;  this  formula  has  no  parallel  among 
the  other  nitrogen  compounds  or  inorganic  acids,  and  places  that  acid 
structurally  in  a  quite  isolated  position. 

Heretofore,  hydronitric  acid  has  been  regarded  as  an  analog  of  the 
halogen  hydracids,  and  it  is  possible  to  construct  a  sort  of  analogy 
between  them.  It  may  be  observed,  however,  that  this  analogy  is  based 
ahnost  entirely  on  solubilities  and  not  on  reactions.' 

In  a  study  of  the  reduction  of  hydronitric  acid,  it  was  found  that  many 
metals  below  magnesium  in  the  electrochemical  series,  when  acted  upon 
by  hydronitric  acid,  led  to  the  formation  of  ammonia  and  free  nitrogen 
as  reduction  products  (Equation  i).  No  hydrogen  was  evolved.  In 
one  instance  hydrazine  appeared  as  an  additional  reduction  product. 

In  the  reduction  of  the  acid  by  oxidizable  metallic  compounds,  the  ac- 
tion resulted  in  a  compound  of  the  metal  in  which  the  latter  possessed 
a  higher  valence,  and  in  ammonia  and  nitrogen  as  the  reduction  products 
of  the  acid  (Equation  3). 

With  certain  oxidizable,  noa-metallic  compounds  the  acid  was  reduced 
with  the  formation  of  ammonia  and  nitrogen,  again,  as  the  reduction 
products,  and  with  the  negative  element  of  the  reducing  agent  appearing 
in  a  higher  state  of  oxidation  (Equation  5). 

Certain  metals  lying  near  the  bottom  of  the  electrochemical  series  do 
not  displace  the  hydrogen  of  acids  because  of  the  large  difference  between 
the  electrode  potentials  of  those  metals  and  hydrogen.  The  reaction  may 
be  regarded  as  a  reversible  one,  the  reverse  action  taking  place  at  a  much 
greater  rate  than  the  direct  one.  A  substance  able  to  reduce  the  active 
mass  of  the  hydrogen — a  depolarizer — ^prevents  the  reverse  action  and  en- 
ables the  direct  action  to  take  place  to  completion. 

Hydronitric  acid  was  foimd  to  be  an  eflScient  depolarizer.  In  its  pres- 
ence hydrochloric  acid  dissolved  platinum.  Ammonia  and  nitrogen 
were  among  the  reduction  products  (Equation  7). 

When  we  consider  the  behavior  of  hydronitric  acid  in  the  reactions 
mentioned  and  attempt  to  bring  it  into  line  with  that  of  other  inorganic 
acids  under  like  conditions,  we  are  struck  at  once  with  the  parallelism 

*  "Ueber  die  Hydrazinverbindtingen,  ^'  Ann.,  190,  67  (1878),  see  p.  92. 

•  This  Journal,  33,  803  (191 1). 
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between  the  chemical  properties  of  this  acid  and  those  of  nitric  acid. 
This  analogy  is  brought  out  when  we  examin  the  equations  representing 
the  reactions  of  the  two  acids  with  the  respective  reducing  agents,  as 
follows: 

(i)     M°  +  3HNa  -  M"Ne  +  N,  +  NH, 

(2)  3M°  +  SHNOa  =  3M"(N08)a  +  2NO  +  4H3O* 

(3)  M,^0  +  5HN8  «  2M«Ne  +  N3+  NH3  +  H^O^ 

(4)  3M3IO  +  14HNO,  =  6M^nNOs)2  +  2NO  +  7HaO 

(5)  H3S  +  HN3  =  S  +  N,  +  NH, 

(6)  3H2S  +  2HNO8  =  38  +  2NO  +  4HjO. 

(7)  Pt  +  2HN3  +  4HCI  =  PtCl^  +  2Na  +  2NH, 

(8)  3Pt  +  4HNO8  +  12HCI  =  3PtCl,  +  4NO  4-  8H3O 

An  inspection  of  the  first  two  equations  brings  out  the  following  points : 
In  neither  reaction  is  hydrogen  evolved.  In  both  cases  a  portion  of  the 
acid  radicle  appears  as  a  gaseous  product,  in  one  instance  consisting 
chemically  of  a  nitrogen  atom  united  to  a  nitrogen  atom,  and  in  the  other, 
a  nitrogen  atom  united  to  an  oxygen  atom.  In  the  one  case  ammonia 
results,  and  in  the  other,  the  strictly  analogous  substance,  water,  is  pro- 
duced. That  the  same  analogy  holds  throughout  the  series  of  equations 
is  perfectly  evident. 

Asstuning  that  an  analogous  reaction  implies  an  analogous  structure, 
the  formtila  H — N=N=^N  is  proposed  for  hydronitric  acid,  which  is  a 

parallel  formula  to  H — O — N..,  commonly  accepted  as  representing 

the  structure  of  nitric  acid.  In  the  one  instance  a  pentavalent  nitrogen, 
the  nucleus  of  the  molecule,  is  united  to  nitrogen,  and  in  the  other,  to 
oxygen. 

When  we  review  the  structure  of  the  inorganic  adds,  such  as  cyanic, 
thiocyanic,  nitrous,  etc.,  we  see  tliat  the  various  positions  in  the  mole- 
cules are  occupied  in  turn  by  the  negative  atoms  to  form  the  various 
adds.  In  hydronitric  acid  all  the  positions  are  occupied  by  nitrogens. 
Furthermore,  the  hydroxyl  group  of  nitric  acid  is  replaced  in  hydronitric 
add  by  the  analogous  imide  group. 

Hydronitric  add,  then,  must  be  regarded  as  a  nitridizing  agent,  analogous 
to  nitric  add,  an  oxidizing  agent;  and  just  as  nitric  acid  is  a  hydrated 
oxide  of  nitrogen,  hydronitric  add  may  come  to  be  regarded  as  an  am- 
moniated  nitride  of  nitrogen. 

These  condusions  are  supported  by  and  are  derivable  from  numerous 

'  While  it  is  recognized  that  other  products  may,  and  do,  result  from  the  action  of 
nitric  add  on  metals,  those  represented  above  are  regarded  as  the  most  typical. 

'  Two  reactions  are  represented  by  this  equation,  one  the  action  of  an  add  on  an 
oxide  to  form  a  salt  and  water,  and  the  other  the  nitridation  of  the  metal  to  a  higher 
valence. 
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other  considerations  to  be  presented  subsequently.  In  a  recent  article 
Thide^  has  assigned  hydronitric  acid  the  same  structure  as  that  advanced 
in  this  note.  While  the  conclusions  are  similar,  the  one  was  arrived  at 
through  organic  considerations,  while  the  other  was  reached  through  a 
study  of  the  inorganic  chemistry  of  the  acid.  That  the  conclusions  were 
arrived  at  quite  independently  may  be  further  attested  by  the  fact  that 
the  matter  here  presented  was  communicated  by  correspondence,  and 
otherwise,  to  various  members  of  the  chemical  profession  almost  a  year 
ago,  and  months  before  the  appearance  of  the  article  in  the  Berichie. 

Wrulkyah  UMZYBRairv. 
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Since  the  production  of  tungsten  and  molybdenum  metals  in  a  mallea- 
ble and  ductile  form,'  various  interesting  applications  have  been  found 
for  these  metals.  Probably  the  most  extensive  use  for  tungsten  at  pres- 
ent is  iif  metal  filament  lamps,  but  this  metal,  combining  the  physical 
properties  of  high  melting  point  (3000°),  high  specific  gravity  (19.3), 
low  vapor  pressure  and  high  heat  conductivity,  has  found  use  as  a  con- 
tact metal  in  numerous  current  interrupting  devices,  as  a  target  in  Ront- 
gen  tubes,  and  as  a  possible  projectile  material.* 

It  is  the  purpose  of  this  paper  to  point  out  some  of  the  chemical  prop- 
erties of  these  wrought  metals,  which,  combined  with  their  physical 
properties  already  described,  may  broaden  the  field  of  application  of  these 
two  interesting  metals. 

Tungsten. 

In  the  following  experiments  the  samples  of  metal  used  were  all  of  the 
same  surface  and  shape.  They  were  discs,  of  sheet,  tungsten,  such  as  are 
now  being  used  for  X-ray  targets,  and  are  18  mm.  in  diameter  and  about 
2.5  mm.  thick.  The  surface  area  was  510  -I-  140  =  650  sq.  mm.  on  the 
average.     The  weight,  according  to  thickness,  varied  from  9  to  12  grams. 

Solubility  in  Hydrochloric  Acid, — Wrought  tungsten  is  insoluble  in 
hydrochloric  acid  of  any  concentration  at  room  temperature  and  only 
very  slightly  so  at  110°.  After  45  hours  the  hot,  concentrated  acid  (sp. 
gr.  1. 15)  showed  no  effect  upon  the  tungsten.  After  175  hours,  how- 
ever, a  black  coating  of  oxide  formed  and  the  metal  lost  o. 5%  in  weight. 

In  dilute  acid,  at  110°,  it  lost  0.05%  after  22  hours  but  showed  no 
further  loss  after  50  hours.  After  175  hours  the  metal  was  coated  with 
tungstic  oxide  and  there  was  a  gain  in  weight  of  i  %  due  to  oxidation.     This 

'Ber.,  44.2522  (191 1). 

'Fink,  Trans.  Am,  Electrochem,  Soc,  17,  229-234.     Coolidge,  Proc.  Am.  Inst. 
E.  £.,  29,  Part  II,  961-965." 

*  Coolidge,  J.  Ind.  Eng.  Chem.,  4,  2  (1912). 
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oxide  formed  an  adherent  coating  and  protected   the    metal    against 
further  loss. 

SolvbHUy  in  Sidfuric  Add. — At  room  temperature  this  add  has  no 
effect  upon  wrought  tungsten  nor  has  the  dilute  acid  at  i  lo®.  Concen- 
trated acid  attacks  it  very  slowly  at  i  lo**,  the  loss  in  weight  being  o.  i% 
after  iShours,  o.i6%  after  40 hours,  ando.63%  after  175  hours.  Increased 
temperature  hastens  the  action,  for  at  200^  0.62%  was  lost  in  four  hours. 
In.  another  experiment  i .  18%  dissolved  in  8  hours. 

Solubility  in  Nitric  Acid. — Concentrated  nitric  acid  at  no**  showed 
no  action  on  tungsten  after  48  hours  other  than  a  slight  dulling  of  the 
bright,  metallic  surface.  The  dilute  add,  however,  produces  the  ydlow 
oxide  on  the  surface.  There  is  a  slight  gain  in  wdght  after  15  hours 
and  then  no  further  change  e\en  after  175  hours*  immersion. 

Solubility  in  Aqua  regia. — ^Aqua  regia,  at  room  temperatures,  oxidizes 
the  stuface  to  ttmgstic  oxide.  After  215  hours  the  loss  in  wdght  was 
0.31%.  At  no®  the  chlorine  was  all  driven  oflf  in  about  4  hours  and  the 
tungsten  disc  had  lost  0.1%  and  it  was  covered  by  a  tough,  gyeenish 
yellow  deposit.  If  this  coating  of  oxide  was  allowed  to  remain,  continued 
boiling  in  fresh  aqua  regia  had  no  further  efiFect  upon  the  metal. 

Solubility  in  Hydrofluoric  Acid. — ^This  add,  hot  or  cold,  did  not  at- 
tack tungsten,  not  even  to  the  extent  of  dulling  its  polished  surface, 
during  numerous  evaporations  of  the  add. 

Solubility  in  Potassium  Hydroxide. — Potassium  hydroxide  solution,  of 
any  concentration,  does  not  attack  wrought  tungsten  but  the  fused  alkali 
attacks  the  metal  slowly.  In  this  case  there  was  31%  loss  in  wdght  after 
15  hours  and  in  about  40  hours  the  disc  had  all  dissolved. 

Solubility  in  Alkaline  Carbonate. — In  fused  sodium  carbonate*  potassium 
carbonate,  or  mixtures  of  the  two,  tungsten  dissolves  slowly.  About  2.5% 
loss  was  noted  in  four  hours.  The  addition  of  potassium  nitrate  has- 
tens the  solution  considerably.  In  this  experiment  32%  dissolved  in  six 
hours. 

Other  Experiments. — A  saturated  sodium  h)T)ochlorite  solution  was 
found  to  attack  tungsten  at  the  rate  of  4.27%  in  twenty  hours.  A  mix- 
ture of  sulfuric  add  and  chromic  anhydride  did  not  act  upon  the  metal. 
A  mixture  of  hydrofluoric  and  nitric  acids  dissolves  tungsten  very  rapidly 
with  the  evolution  of  nitric  oxide  and  the  production  of  ttmgstic  oxide. 

Molybdenum. 

In  the  following  experiments  small  strips  of  sheet  molybdenum  were  used. 
These  were  30  X  9  X  0.4  mm.,  having  a  total  surface  of  540  sq.  mm. 

Hydrochloric  acid,  diluted,  slowly  dissolves  molybdenum  at  no®  to  a 
brown  solution  with  the  formation  of  some  black  oxide,  probably  M03O3. 
The  loss  in  wdght  was  20.3%  after  18  hours.  The  more  concentrated 
add  (i .  15}  has  a  much  slower  action.    After  keeping  the  metal  for  18 
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hours  in  this  acid  at  110°  C.  the  total  loss  of  metal  was  only  0.34%  and 
the  surface  was  still  bright. 

Sulfuric  acid,  diluted  (sp.  gr.  1.30),  at  iio^  does  not  attack  molyb- 
denum. The  concentrated  acid  (sp.  gr.  1.82)  attacks  it  but  very  slowly 
at  this  temperature.  Only  o .  29%  loss  in  weight  was  fotmd  after  18  horn's. 
With  elevated  temperatures,  however  (200-250^),  the  metal  dissolves 
rapidly  to  a  green  solution,  with  the  evolution  of  sulfur  dioxide. 

Nitric  acidf  concentrated  (sp.  gr.  1.40),  dissolves  molybdenum  slowly 
with  the  formation  of  molybdic  anhydride,  MoO|,  which  deposits  on  the 
surface  of  the  metal  and  retards  the  action.  The  more  dilute  add  (sp. 
gr.  1 .  15),  however,  attacks  the  metal  rapidly. 

Aqua  regia  also  dissolves  the  metal  rapidly,  especially  if  heated. 

Hydrofluoric  acid  (hot  or  cold)  does  not  attack  molybdenum. 

Potassium  hydroxide  solutions  do  not  attack  molybdenum,  bu(  it  is 
soluble  in  the  fused  alkali. 

It  will  be  noted  that  both  of  these  metals  are  to  a  certain  extent  acid- 
resisting  and  this  is  due  principally  to  the  formation  of  an  acid-resisting 
coating  of  oxide.  Tungsten  is  attacked  most  rapidly  by  fuming  sulfuric 
acid,  and  this  only  to  the  extent  of  i .  2%  in  8  hours. 

Molybdenum  is  much  more  easily  dissolved  than  tungsten.  It  resists 
concentrated  hydrochloric  and  sulfuric  acids  at  moderate  temperatures 
(below  125^)  fairly  well  and  is  untouched  by  hydrofluoric  add. 

RB8KASCB  LABORATOKT,  GBNBKAL  BLSCTBIC  COMTAMT. 

SOUBrBCTAOV.  N.  Y. 
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In  the  latter  part  of  the  academic  year  i9io-'ix  the  writer  made  elec- 
trolytic separations  of  certain  metals  from  perchloric  add  solution 
with  good  results.  The  pressure  of  other  duties  made  it  necessary  to 
discontinue  the  work  for  a  time.  In  the  meantime  Henryk  Golblum' 
has  published  a  paper  on  the  determination  of  perchloric  add  in  the  per- 
dilorates  of  nickd  and  cobalt,  his  method  being  to  deposit  the  metals 
dectrolytically  and  titrate  the  acid  Idt  in  solution.  Though  the  deter- 
mination of  the  metals  was  apparently  not  hia  object,  he  states  that 
they  were  deposited  quantitativdy,  and  that  the  method  for  the  deter- 
mination  of  the  add  would  probably  be  found  applicable  in  all  perchlor- 
ates  whose  metals  can  be  deposited  in  weak  add  solutions.  Since  these 
statements  seem  to  foreshadow  work  in  die  direction  of  my  own,  it  seems 
desirable  to  publish  a  brief  statement  of  the  work  done  in  tbis  labora- 
tory. 

^  Z.  anoL  Chmn,,  zgxx,  741. 
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Several  years  ago,  while  stud3ring  the  action  of  certain  oxidizing  acids 
on  metals,  the  writer  became  much  impressed  with  the  gr^t  indifference 
of  perchloric  acid  in  solution  toward  chemical  reagents  and  especially 
those  of  a  reducing  character.  The  only  reducing  agents  that  are  effect- 
ive seem  to  be  freshly  precipitated  ferrous  oxide,  sodium  thiosulfate 
and  to  a  small  extent  some  oxides  of  nitrogen.  Certain  other  substances 
decompose  it  when  highly  heated  with  it  in  sealed  tubes.  There  seems 
to  be  no  other  strong,  that  is  highly  dissociated,  oxygen  holding  acid  com- 
parable with  perchloric  acid  in  the  indifference  of  its  negative  ion  toward 
such  agents,  save  sulftu-ic  add,  and  even  this  is  reduced  by  hydriodic 
acid  and  many  other  agents  that  under  like  circumstances  are  ineffective 
toward  perchloric  acid.  In  short,  in  water  solution  perchloric  acid  ex- 
hibits only  the  properties  due  to  its  primary  ions,  and  there  are  no  side 
reactipns  due  to  the  decomposition  of  its  negative  ion. 

It  seems  that  such  a  stable  and  strong  acid  should  find  more  uses,  inter- 
esting to  the  chemist,  at  least,  and  possibly  of  practical  importance  if 
cheaper  methods  could  be  fotmd  for  its  manufacture.  Since  the  choice 
of  solvents  is  somewhat  restricted  in  electro-chemical  analysis,  it  occurred 
to  the  author  that  the  question  of  the  availability  of  perchloric  acid  in 
this  capactity  was  worthy  of  study.  As  anticipated,  it  was  soon  found 
that  some  metals  may  be  easily  and  completely  deposited  in  weighable 
form  from  perchloric  add  solutions;  moreover,  since  the  acid  is  so  strong 
and  stable,  metals  may  easily  be  converted  into  perchlorates  for  elec- 
trolysis. 

Perchloric  acid  readily  dissolves  many  oxides  of  the  heavy  metals. 
Oxides,  metals,  or  other  refractory  substances,  may  also  be  converted 
into  nitrates  with  nitric  add,  and  this  acid  replaced  by  evaporation  with 
an  excess  of  perchloric  acid.  To  test  this  point  a  known  volume  of  a 
standard  potassium  nitrate  solution  was  evaporated  on  the  water  bath 
with  an  excess  of  perchloric  acid.  Water  was  added  and  the  evapora- 
tion was  repeated,  after  which  a  determination  showed  that  94%  of  the 
combined  nitric  acid  had  been  replaced.  In  parallel  experiments  equal 
weights  of  copper  were  dissolved  in  nitric  acid,  and  evaporated,  one  with 
and  the  other  without  the  addition  of  an  excess  of  perchloric  add.  De- 
termination of  the  nitric  acid  in  the  residues  showed  that  98%  had  been 
expelled  by  the  perchloric  acid.  There  is  no  danger  of  decomposing 
perchloric  add  by  evaporation  on  the  water  bath,  and  it  is  probable 
that  considerably  higher  temperatures  may  be  used. 

To  the  present  time  electrolytic  determinations  of  three  metals  have 
been  made  from  perchloric  acid  solution:  copper,  silver  and  cadmium. 

Copper. 
Copper  oxide  was  prepared  from  pure  copper  sulfate.    After  thor- 
ough washing  it  was  dried  and  heated  for  an  hour  in  a  porcdain  boat 
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in  a  current  of  oxygen.  Small  portions  were  weighed  in  a  platinum  dish 
and  dissolved  in  a  small  excess  of  pure  perchloric  acid.  The  acid  showed 
scarcely  a  trace  of  hydrochloric,  chloric  acid  or  any  other  imprurity. 
The  solution  was  made  up  to  100  cc.  with  pure  water  and  subjected  to 
the  electric  current  for  about  three  hours.  The  revolving  anode  was 
used.  At  the  beginning  the  current  showed  0.2  ampere  to  one  square 
decimeter  of  cathode  surface  and  2.5  volts;  later  the  current  was  increased. 
At  the  end  of  each  experiment  the  solution  was  siphoned  off  and  replaced 
with  water  while  the  current  was  running,  and  the  free  perchloric  acid 
was  titrated.    Two  analyses  are  as  follows: 

Copper  o3dde.         Calculated  coi>per.        Copper  fottnd.  Acidity. 

1 0.30x1  0.2405  0.2407  o,t  N 

2 0.3341  0.2669  0.2665  o.ogN 

To  test  the  method  further,  copper  was  deposited  from  pure  copper 
sulfate.  This  was  dissolved  in  nitric  add  and  the  acid  was  expelled  by 
evaporation  with  an  excess  of  perchloric  acid,  using  the  platinum  dish  in 
which  the  metal  was  deposited.  The  metal  was  then  redeposited,  washed, 
dried  and  weighed.  This  process  was  repeated  three  times  with  the  same 
portion  of  copper,  and  the  weights  were  0.1559,  0.1560,  0.1557. 

Silver. 

The  silver  used  was  from  a  quantity  prepared  many  years  ago,  and 
whose  high  degree  of  purity  has  been  many  times  proved.  In  its  prep- 
aration the  chloride  was  reduced,  and  the  finely  divided  silver  was  fused 
into  large  masses  and  electrolyzed  in  nitric  acid  solution.  The  electro- 
lytic silver  was  fused  into  buttons  on  charcoal  made  from  sugar. 

Buttons  of  this  silver  of  suitable  sizes  were  dissolved  in  nitric  acid  and 
the  excess  of  acid  was  driven  off  on  the  water  bath.  Water  and  an  ex- 
cess of  perchloric  acid  were  added  and  the  water  was  evaporated.  The 
evaporation  was  repeated  twice.  Experiments  already  described  indi- 
cate that  there  remained  only  a  trace  of  nitric  acid,  too  small  to  influence 
the  results.  The  perchlorate  was  dissolved  in  150  cc.  of  water,  and  the 
solution  was  subjected  to  electrolysis  with  a  voltage  of  3  and  current 
strength  0.2.  The  revolving  electrode  was  used,  but  as  silver  oxide 
accumulated  in  considerable  amount  the  rate  of  the  anode  was  lowered 
and  in  some  cases  stopped  for  a  time  to  prevent  the  throwing  off  of  this 
oxide.  In  experiment  3  the  temperature  was  kept  at  60°  during  the 
electrolysis,  to  hasten  the  solution  of  the  oxide.  In  all  cases  it  was  com- 
pletely dissolved  from  the  anode  long  before  the  current  was  stopped. 
In  each  case  the  current  was  continued  till  after  the  acid  solution  had 
been  siphoned  off  and  replaced  by  water.     The  following  are  the  data: 

Silver  taken.  Silver  fotind.  Acidity. 

I 0.1836  0.1836  O.I  N 

2 0.2II2  0.2II2  0,06  N 

3 0.1637  0.1636  0.4  N 
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Cadmium. 

Th^  cadmium  used  was  in  tbe  form  of  oxide,  made  by  Merck.  It  con- 
tained water,  but  tests  failed  to  disclose  any  other  impurities  save  a  trace 
of  lead.  It  was  heated  for  an  hour  in  a  porcelain  boat  in  a  tube  through 
which  oxygen  was  passed.  Portions  were  weighed  in  the  dish  to  be 
used  in  the  electrolysis  and  dissolved  in  a  small  excess  of  perchloric  acid. 
The  solution  was  made  up  to  150  cc.  The  current  was  started  at  3.5 
volts  and  0.3  ampere  per  square  decimeter  of  cathode  surface.  Later 
,  it  was  increased  to  about  0.5  ampere.  The  time  was  three  hours.  Tbe 
cadmium  formed  a  fairly  compact  layer  save  near  the  center  of  the  dish 
where  the  anode  was  nearer  the  dish  and  where  the  movement  of  tbe 
solution  was  smaller.  Like  the  silver,  it  was  sufficiently  adherent  at  all 
points  to  avoid  danger  of  loss  in  washing.  Three  Experiments  gave  the 
following  values: 

Cadmium  oxid«.  C>admiiim  caleulated.  Cadmium  found.  Acidity. 

1 0.3332  0.2917  0.2896  0.08    N 

2 0.2131  0.1865  0.1857  0.03    N 

3 0.2630  0.2302  0.2291  0.033  AT 

Of  course  little  could  be  claimed  for  the  purity  of  the  cadmium  oxide 
used,  and  its  cadmium  content  was,  therefore,  determined  by  two  of 
the  older  methods.  In  Experiment  4  the  oxide  was  dissolved  in  a  small 
excess  of  sulfuric  add  and  three  grams  of  pure  sodium  acetate  were  added. 
In  Experiment  5  the  oxide  was  dissolved  in  pure  perchloric  acid  and  three 
grams  of  pure  potassium  cyanide  were  added.  This  gave  a  better  deposit 
than  those  obtained  in  the  other  experiments  with  cadmium.  In  all 
cases  there  seems  to  be  a  trace  of  cadmium  remaining  in  solution,  as  shown 
by  a  slight  yellow  color  rather  than  a  distinctly  visible  precipitate  when 
the  solutions  after  electrolysis  are  treated  with  hydrogen  sulfide. 

Cadmium  oxide.  Cadmium  calculated.  Cadmium  found. 

4 0.2937  0.2571  0.2537 

5 0.2716  0.2378  0.2356 

As  may  be  seen,  the  cadmium  found  in  these  two  experiments  is  on  the 
average  about  i .  5  milligrams  smaller  than  that  found  in  Experiments 
I,  2  and  3.  The  source  of  this  difference  is  as  yet  not  clear,  but  it 
seems  very  probable  that  cadmium  may  be  as  completely  separated 
electrol)rtically  from  dilute  perchloric  acid  as  from  any  other  solvent. 

Work  is  in  progress  on  the  practicability  of  using  perchloric  acid  in  de- 
positing other  metals. 

GXINtfSUL  COLLBOB,  GUNlfBIX.   lOWA. 
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THE  STARDARDIZATIOlf  OF  POTASSTOM  PBRMAHOAHATB  SOLU- 
TION BY  SODHTM  OXALATE.' 

By  R.  S.  McBmdb. 
RcedTed  Pebnuuy  7.  1912. 

I.  Introduction:  i.  Object  of  the  Research.  2.  Considerations  Affecting  the 
Choice  of  a  Standard.  3.  Reasons  for  the  Choice  of  Sodium  Oxalate.  4.  Normal 
Course  of  the  Reaction.  II.  Experimental  Work:  i.  Reagents  Employed.  2.  Weigh- 
ing of  Oxalate  and  Permanganate  Used.  3.  Effect  of  Conditions  upon  the  Result  of  a 
Titration,  a.  End-point  Corrections,  b.  Rate  of  Addition  of  the  Permanganate, 
c.  Volume  of  the.  Solution,  d.  Acidity  and  Temperature,  e.  Air  Access — Oxidizing 
Effect.  /.  Presence  of  Added  Manganous  Sulfate.  III.  Discussion  and  Conclusions: 
1.  Review  of  Possible  Errors,  (a)  Loss  of  Oxalic  Acid  by  Volatilization.  (6)  Decompo- 
sition of  Oxalic  Acid  by  Water,  (c)  Decomposition  of  Oxalic  Add  by  Sulfuric  Add. 
(cQ  Oxidation  of  Oxalic  Acid  by  the  Air.  (e)  Presence  of  Oxalic  Add  Unoxidized  at  the 
End-point.  (/)  Liberation  of  Oxygen,  (g)  Incomplete  Reduction  of  the  Permangan- 
ate, (k)  Impurities  in  the  Oxalate,  (i)  Abnormal  Oxidation  Products.  2.  Summary 
and  Condusions.  3.  Method  of  Procedure  Recommended.  4.  Accuracy  and  Precision 
Attainable. 

I.  Introduction. 

J.  Object  of  the  Research, — ^The  standardization  of  potassium  perman- 
ganate solutions  has  been  the  subject  of  much  study  and  an  excessive 
amount  of  controversy.  There  have  been  far  too  many  standards  pro- 
posed for  this  work  to  permit  one  not  familiar  with  the  subject  to  select 
the  best;  and,  in  fact,  it  is  doubtful  whether  or  not  any  one  of  those  stand- 
ards proposed  can  in  all  senses  be  considered  the  best.  However,  the 
work  of  the  Btireau  of  Standards  has  demanded  that  some  substance 
be  selected  for  this  use,  which  could  be  employed  with  a  certainty  of  a 
reasonably  correct  result.  It  was  desired,  if  possible,  that  the  standard 
selected  should  serve  a  threefold  ptu-pose,  viz.,  first,  as  a  primary  stand- 
ard of  oxidimetry;  second,  as  a  working  standard  for  regular  use  in  our 
own  laboratories;  and  third,  as  a  substance  which  could  be  distributed 
by  the  Bureau  with  a  guarantee  both  as  to  its  purity  and  as  to  its  reduc- 
ing value  when  used  under  specified  conditions. 

Although  the  voluminous  literature  relating  to  the  standardization 
of  potassium  permanganate  solutions  has  been  examined  with  considera- 
ble care,  it  is  not  thought  desirable  to  give  a  history  of  the  subject,  or 
even  a  bibliography.  None  of  the  theories  considered  here  are  new; 
but  it  is  hoped  that  the  experimental  facts  presented  will  be  of  value  as  a 
guide  to  the  proper  use  of  soditim  oxalate  as  a  standard. 

2,  Consideraiions  Affecting  the  Choice  of  a  Standard. — ^It  is  seldom  that 
a  single  measure  can  be  used  both  as  a  primary  reference  standard  and  as 
a  regular  working  standard;  but  for  some  volumetric  work  this  is  possi- 
ble. To  serve  any  such  double  ftmction,  a  substance  must  meet  the  fol- 
lowing conditions: 

*  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
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(a)  There  must  be  reasonable  ease  of  preparation  and  accurate  repro- 
ducibility. 

(6)  The  purity  must  be  determinable  with  sufl&cient  accuracy;  and  the 
pm-ified  material  must  be  stable  tmder  ordinary  conditions  of  the  labora- 
tory. 

(c)  The  use  of  the  material  in  regular  work  must  demand  neither 
complex  apparatus  nor  diflftcult  manipulations. 

(d)  Such  precision  must  be  obtainable  when  it  is  used  with  ordinary 
care  that  one,  or  at  the  most  a  very  few  determinations  suffice  for  the 
fixing  of  the  value  of  a  standard  solution. 

(e)  The  accuracy  obtained  under  ordinary  conditions  of  its  use  in  stand- 
ardization must  be  at  least  as  great  as  that  required  in  the  use  of  the 
solution  to  be  standardized. 

3.  Reasons  for  the  Choice  of  Sodium  Oxalate. — In  the  above  five  respects, 
it  appeared  that  sodium  oxalate  was  probably  best  suited  to  oiu-  needs; 
and  a  detailed  study  of  this  standard  was  imdertaken. 

The  methods  of  preparation  and  testing  of  sodium  oxalate  have  been 
carefully  studied  by  Sdrensen.*  In  continuation  of  such  study,  Mr. 
J.  B.  Tuttle  and  Dr.  Wm.  Blum,  of  this  laboratory,  have  carried  out  several 
important  lines  of  work;  and  at  the  request  of  the  Bureau  of  Standards, 
several  firms  of  manufacturing  chemists  have  improved  their  methods 
of  preparation  of  sodium  oxalate  on  a  large  scale.  At  this  point  it  is 
sufficient  to  state  that  all  of  this  work  indicates  that  it  can  be  prepared 
in  a  suitable  form  at  reasonable  expense;  that  it  is  reproducible;  that  its 
piuity  can  be  tested  readily;  and  that  once  purified,  it  is  satisfactorily 
stable  under  ordinary  conditions.' 

The  discussion  of  the  other  three  criteria  as  to  the  value  of  sodium 
oxalate,  viz.,  convenience,  precision  and  accuracy,  forms  the  subject 
of  the  present  article. 

In  advance  of  the  general  discussion  it  is  not  amiss  to  state  the  conclu- 
sions drawn  as  to  these  three  points.  It  appears  that,  when  the  condi- 
tions for  the  use  of  the  soditmi  oxalate  have  been  defined,  they  may  be 
conformed  to  easily  and  no  tmusual  apparatus  or  complex  procedtu'e  is 
necessary.  The  accuracy  obtainable  is,  within  the  limits  of  our  present 
knowledge,  sufficient  for  even  the  most  refined  work  (see  p.  415) ;  and  the 
precision  or  agreement  of  duplicates  is  satisfactory. 

Along  with  such  striking  advantages  we  find  certain  disadvantages, 
but  none  of  these  appear  serious.    The  more  important  are  as  follows: 

(a)  The  largest  sample  which  can  be  used  ordinarily  (for  50  cc.  oi  o.i  N 
KMnOJ  is  only  0.3  gram.  This  necessitates  an  accurate  weighing  in 
order  to  gain  a  high  degree  of  accturacy .     It  is  not  desirable  to  use  a  stand- 

*  Z.  anal.  Chem.,  36,  639;  43,  333  and  512. 

•  See  Blum,  This  Journal,  34,  123  (1912). 
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ard  stock  solution,  unless  freshly  prepared.  If  such  solution  is  kept  for 
any  considerable  length  of  time,  it  ^ts  upon  the  glass  of  its  container; 
it  is  also  slowly  decomposed  by  the  action  of  light. 

(b)  The  detection  of  small  amounts  of  allied  organic  compounds  in 
the  sodium  oxalate  is  rather  difficult,  except  by  comparison  of  the  re- 

,  ducing  value  with  that  of  other  samples  of  known  purity. 

(c)  The  initial  diying  of  the  oxalate  is  subject  to  slight  uncertainty; 
but  once  dried  it  is  practically  non-hygroscopic. 

4.  Normal  Course  of  the  Headion. — In  1866  Harcourt  and  Esson*  con- 
cluded from  a  study  of  the  speeds  of  reaction  under  various  conditions, 
that  the  steps  of  the  reaction  are  as  follows: 

I.  2Mn(OH)7  +  5H,C,0,  =  2Mn(0H),  +  loCO,  +  ioH,0  (very  slow). 
II.  3Mn(0H),  -f  2Mn(OH)7  =  5Mn(0H),  (very  fast). 
III.  Mn(OH),  4-  HjCjO,  =  Mn(OH)j  +  2CO3  +  2HjO  (fast,  but  less 
so  than  II). 

Among  the  more  recent  articles  presenting  either  experimental  or  theo- 
retical evidence  on  this  subject,  the  more  important  are  those  by  Schil- 
low'  and  by  Skrabal.' 

From  measurements  of  the  speeds  of  reaction,  the  former  presents 
the  following  system  as  representing  the  steps  of  the  reaction: 

I.  Mn(0H)7  +  2H,C,0,  =  Mn(OH)3  +  4CO,  4-  4HjO  (very  slow). 
II.  Mn(OH),*2H,C20,  +  Mn(OH)^    =    2Mn(OH)3  +  4CO3  -h  4l^0 

(measured). 
III.  Mn(0H)3  +  2H,C,04  =  Mn(OH)3*2H3C30^    (practically    instan- 
taneous). 

The  second  of  these  can  be  divided  into  two  parts: 

Ila.  Mn(OH)3-2H3C,0,  +  Mn(OH),  =  Mn(OH),  +  Mn(OH)/2H3C30, 
(measured). 

116.  Mn(OH)/2H3C30,  -h  Mn(OH),  =  Mn(0H)3  +  4CO3  +  4H3O 
(practically  instantaneous). 

However,  this  author  qualifies  the  proposed  explanation  by  the  follow- 
ing statements : 

"This  scheme  is  considered  only  as  an  approximate  picture  of  the  phe- 
nomenon and  is  true  particularly  for  mean  concentration  of  hydrogen 
ions  and  low  temperatures  (0-25°).  Under  other  conditions,  side  reac- 
tions and  disttu'bances  enter  in,  which  can  be  partially  observed  or  fore- 


**In  addition  to  the  reactions  given  above,  the  following  two  also  re- 
quire consideration: 

*  Pkil,  Trans,,  156, 193. 
•B«r.,  36,  2735  (1903). 
'  Z.  anorg,  Chem.,  42,  i  (1904). 
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"IV.  2Mn(OH)3  +  HjCjO,  =  2Mn(0H),  +  2CO,  +  sHjO. 
'*V.  4M^(0H),  +  Mn(0H)7  =  5Mn(OH),." 

These  last  reactions,  however,  are  not  assigned  a  definit  role  in  the 
general  scheme. 

After  an  extended  series  of  experiments  on  the  speed  of  the  reaction 
under  various  conditions,  Skrabal^  advances  the  following  scheme  as  repre- 
senting the  coiu-se  of  the  reaction : 

Incubation  period: 
(i)  HjCjO^  +  KMnO^  =  Mn---  +  CO,  (measurable). 

(2)  H3C3O4  +  Mn---  =  Mn(OH),  +*C0,  (practically  mstantaneous) . 

Induction  period : 

(3)  Mn(0H)2  +  KMnO^  =  Mn---  (less  rapidly). 

(4)  Mn---  +  H2C3O4  =  Mn(0H)3  +  COj  (practically  instantaneous) . 

(5)  Mn  •  •  •  +  HjCjO^  =  Mn(OH)3*H3CjO^   (practically  instantaneous) . 

(6)  Mn*-*  =  Mn(0H)3  +  Mn  (OH)  4  (practically  instantaneous). 

End  period: 

(  (7)  Mn(OH)3»H3C204  =  Mn***  (measurable). 
'I  (8)  HjCjO^  +  Mn •  *  *  =  Mn(0H)3  +  CO3 (practically  instantaneous) . 

C  (9)  Mn(0H)3  +  Mn(OH)^  =  Mn**-  (less  rapidly). 
'l(io)  HjCjO,  +  Mn***  =   Mn(OH),  +  CO,   (practically  instanta- 
neous). 
Since  this  last  system  of  reactions  is  based  upon  elaborate  experimental 
work  it  can  be  accepted  as  probably  best  representing  the  normal  coturse 
of  the  reaction.     For  the  present  considerations  any  one  of  the  systems 
would  serve  equally  well  to  explain  the  observed  facts. 

The  variations  from  a  normal  course  will  be  considered  after  the  ex- 
perimental part  of  the  present  work  has  been  described. 

II.  Experimental  Work. 

J.  Reagents  Employed, — ^The  water  and  sulfuric  add  employed  were  fre- 
quently tested  for  reducing  matter,  and  in  each  case  were  shown  to  be  free 
from  appreciable  amounts  of  such  impurities.  The  manganous  sulfate  was 
similarly  tested  for  reducing  and  oxidizing  influence  and  shown  to  be 
satisfactory.  To  purify  the  air  used  for  the  tests  of  Tables  VI  and  VII, 
it  was  passed  through  cotton  wool  to  remove  dust  and  grease,  bubbled 
through  a  solution  of  potassium  hydroxide  to  take  out  any  add  vap<^s 
present  and  then  through  solutions  of  chromic  add  and  potassitim  per- 
manganate. The  purified  air  had  no  detectable  reducing  effect  upon 
dilute  solutions  of  permanganate  under  the  conditions  of  titration. 

The  carbon  dioxide  used  for  the  tests  of  Table  VI  was  taken  from  a 
cylinder  of  the  commercial  liquid  and  passed  through  water,  chromic 
add  and  permanganate  solution  before  use.    An  analysis  showed  the 

*  Loc.  cU, 
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presence  of  about  3%  of  methane;  but  this  gas  seemed  to  have  only  a 
very  slight  reducing  action  on  the  permanganate  in  dilute  solution,  so 
that  the  results  of  the  series  in  which  it  was  used  can  be  regarded  as  but 
slightly  less  reliabfe  than  the  series  in  Table  VII.  For  this  latter  group 
of  tests,  pure  carbon  dioxide  was  made  from  acid  and  sodium  carbonate. 
This  source  gave  a  gas  which  had  no  detectable  reducing  action  under 
the  conditions  of  its  use. 

The  potassium  permanganate  used  for  most  of  the  work  was  a  sample 
of  good  quality  which  had  been  milde  up  in  normal  solution  for  over  six 
months  before  filtration  and  dikition  to  tenth-normal  strength  for  use. 
The  diluted  solution  was  filtered  frequently  through  asbestos  to  ensure 
freedom  from  precipitated  manganese  dioxide.  For  the  series  of  tests 
reported  in  Table  IV6,  a  second  permanganate  was  used.  In  this  case 
the  strong  solution  was  boiled  for  a  few  minutes,  cooled,  filtered  and  di- 
luted to  tenth-normal  strength.  For  the  series  of  Table  VII,  still  a  differ- 
ent permanganate  was  employed,  this  stock  being  prepared  in  the  same 
mamier  as  the  main  solution.  About  40  grams  of  solution  were  used  for 
each  titration. 

The  sodium  oxalate  used  for  all  of  the  experiments  except  those  of 
Table  IV6  was  a  sample  specially  purified  in  this  laboratory  by  Mr.  J. 
B.  Tuttle.  It  is  sufl&cient  to  state  here  that  all  tests  indicated  a  total 
impurity  of  not  over  0.05%.  For  the  tests  of  Table  IV6,  another  sam- 
ple of  soditun  oxalate  made  by  the  Mallinckrodt  Chemical  Works,  espe- 
cially for  our  use,  was  employed.  This  material  was  shown  by  test  to  be 
as  pure  as  that  prepared  in  oiu*  own  laboratory. 

2.  Weighing  of  Oxalate  and  Permanganate  Used. — Since  in  all  of  the 
work  described  in  the  following  part  of  this  article  only  comparative 
values  were  required,  the  absolute  amount  of  oxalate  employed  in  any 
one  test  was  not  of  importance,  as  long  as  the  relative  amounts  present 
m  the  experiments  of  a  series  were  accurately  known.  Therefore  it  was 
found  desirable  to  use  about  a  20-gram  portion  of  a  0.1  N  stock  solution 
of  the  oxalate  for  each  test.  Each  such  sample  was  weighed  from  a  buret 
to  the  nearest  5  mg. ;  the  relative  weight  of  each  sample  was  thus  deter- 
mined to  better  than  one  part  in  3000,  in  less  time  and  with  greater  cer-  ? 
tainty  than  wotdd  have  been  possible  by  weighing  out  the  dried  powder. 

In  order  to  prevent  any  change  in  the  strength  of  the  stock  solution  from 
affecting  the  conclusions  drawn  from  the  results  of  any  series  of  titra- 
tions, only  those  values  obtained  during  a  period  of  a  few  days  are  com- 
pared with  each  other.  This  plan  avoided  any  uncertainty  due  either  to 
slow  decomposition  of  the  oxalate  in  solution,  occurring  through  action 
on  the  glass  of  the  container  or  oxidation  by  the  air  through  the  aid  of 
light,  or  to  change  in  oxidizing  value  of  the  permanganate  solution  em- 
ployed. 
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The  measurement  of  the  permanganate  solution  was  accomplished 
by  the  use  of  a  weight  buret.  For  this  work,  this  form  of  instrument 
possesses  the  following  advantages:  (a)  Correction  for  the  temperature 
changes  which  affect  the  volume  of  the  solution,  is  not  necessary;  (6) 
completeness  or  uniformity  of  nmning  down  of  the  solution  from  the 
buret  walls,  is  unessential;  and  (c)  the  solution  can  be  weighed  readily 
to  o.oi  g.  (i  part  in  5000  on  a  50  g.  sample),  whereas  measurement  to 
o.oi  cc.  is  exceedingly  uncertain.  The  freedom  from  errors  due  to 
temperature  changes  is  of  great  importance  in  this  work,  as  the  buret 
is  often  very  appreciably  warmed  by  the  steam  rising  from  the  hot  liquid 
undergoing  titration. 

The  buret  used  was  made  from  a  50  cc.  cylindrical  separatory  funnel 
by  drawing  down  the  stem  to  the  form  of  an  ordinary  buret  tip.  For 
exact  work  it  has  been  found  desirable  to  have  this  tip  so  drawn  down 
that  it  will  deliver  about  10  cc.  per  minute  or  0.03  cc.  per  drop. 

J.  Effect  of  Conditions  upon  the  Restdt  of  a  Titration, — ^The  ordinary 
procedure  for  the  use  of  sodium  oxalate  in  the  standardization  of  potas- 
sium permanganate  is  as  follows:  Dissolve  about  a  quarter  of  a  gram 
of  the  oxalate  in  250  cc.  of  water,  acidify  with  sulfuric  acid,  warm  to 
70®  and  titrate  to  the  first  permanent  pink. 

It  was  desirable  to  determin  the  effect  of  the  variation  of  the  following 
conditions  upon  the  result  obtained,  viz.,  temperatiure,  acidity,  vol  tune 
of  solution,  rate  of  addition  of  the  permanganate,  access  of  air,  presence 
of  added  manganous  sulfate  and,  in  connection  with  these,  the  correc- 
tions necessary  upon  the  apparent  end  points.  In  order  to  accomplish 
such  determinations,  the  factors  were  varied  one  at  a  time,  noting  the  differ- 
ence, if  any,  produced  upon  the  apparent  value  of  the  permanganate. 
The  results  of  the  titrations  are  reported  as  the  ratios  of  the  oxalate 
used  to  the  permanganate  used  multiplied  by  io~^.  These  values  are  pro- 
portional to,  and,  indeed,  numerically  almost  equal  to,  the  iron  value  of 
the  permanganate.  Therefore,  for  purposes  of  discussion  the  values 
are  treated  as  if  they  were  the  iron  value  of  the  permanganate,  expressed 
in  grams  of  iron  per  gram  of  solution.  It  should  be  noted  that  an  increase 
in  the  iron  value  represents  a  decrease  in  the  permanganate  consumed, 
and  vice  versa.  A  variation  of  o.oi  cc.  in  the  amoimt  of  permanganate 
u$ed  in  a  titration  is  approximately  equivalent  to  a  change  of  one  unit 
in  the  last  expressed  figure  of  the  iron  value. 

a.  End-point  Corrections. — In  a  recent  article  Dr.  W.  C.  Bray*  has  sug- 
gested the  necessity  for  the  correction  of  the  apparent  end-point  ob- 
tained in  the  reaction  of  oxalic  acid  and  permanganate,  and  has  recom- 
mended that  the  correction  be  determined  as  follows:  After  reaching 
the  end-point,  the  solution  is  cooled  to  room  temperatiu-e,  potassium  iodide 
'  This  Journal,  33,  1204  (1910). 
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solution  is  added,  and  the  iodine  liberated  is  at  once  titrated  with  dilute 
(0.02  N)  sodium  thiosulf ate. 

In  order  to  test  the  necessity  and  the  acctu-acy  of  this  method  under 
the  various  conditions  of  titration,  we  examined  experimentally  the  fol- 
lowing points : 

(a)  Does  the  equivalent  in  oxidizing  power  of  the  permanganate  ex- 
cess remain  in  the  solution  long  enough  to  allow  the  necessary  cooling 
before  the  titration  with  thiosulf  ate? 

(6)  Does  the  thiosulfate  titration  give  the  total  permanganate  excess 
used  to  produce  the  end  point,  or  does  it  indicate  only  the  permanganate 
which  remains  in  the  solution  as  such? 

(c)  Does  the  depth  of  the  pink  color  at  the  end  of  the  titration  show  how 
great  an  excess  of  permanganate  has  been  added  in  order  to  produce 
that  end-point? 

Before  applying  the  method  of  correction  proposed  by  Bray,  it  is  neces- 
sary to  cool  the  solution  to  room  temperature.  Therefore,  if,  as  is  desira- 
ble, the  permanganate  end-point  is  obtained  while  the  solution  is  hot, 
some  time  must  elapse  dtmng  cooling  and  it  is  possible  that  a  loss  of  oxid- 
izing (or  iodine  liberating)  power  would  occur,  which  loss  would  render  the 
correction  as  subsequently  determined  valueless.  This  point  was  tested 
by  determining  the  residual  oxidizing  power  of  solutions  to  which  had 
been  added  known  amounts  of  permangaaate  at  various  temperatures 
(30-90°),  with  varying  acidities  (2-10%  by  volume  HjSOJ  and  with  the 
addition  of  various  amounts  of  manganous  sulfate  (up  to  i  g.  MnS04« 
4H3O).  These  experiments  showed  that  no  appreciable  loss  occurred 
within  a  period  of  one-half  hour,  if  only  a  small  amount  of  permanganate 
(0.02-0.20  cc.  of  0.1  iV  soln.)  is  added  to  any  such  solution.  Moreover, 
this  condition  was  found  to  exist  even  when  the  permanganate  was  wholly 
decolorized  by  reaction  with  .the  manganous  salt.  The  full  oxidizing 
power  was  then  retained  in  the  solution,  probably  in  the  tri-  or  tetravalent 
manganese  salts  (Mn  * ' '  or  Mn ' ' '  *).  The  lapse  of  5-10  minutes  rieces- 
sary  for  cooling  the  solution  to  room  temperature  is  thus  shown  to  be 
without  influence;  and  it  is  evident  that  the  procedure  described  deter- 
mines not  only  the  permanganate  remaining  in  the  solution  as  such, 
but  also  that  which  was  not  completely  reduced  to  the  manganous  condi- 
tion. 

The  procedure  described  by  Bray  has  been  accepted  on  the  above  basis 
as  giving  a  determination  of  the  real  excess  of  permanganate  which 
was  added  to  produce  the  end  point.  However,  the  question  as  to  the 
difference  between  this  end  point  correction  and  that  determined  by  the 
depth  of  the  pink  color  at  the  end  point  must  be  considered  on  a  differ- 
ent basis. 

For  each  of  the  titrations  made  in  this  investigation,  two  values  were 
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obtained,  the  one  using  the  color  method,  the  other  the  iodine  method 
for  correction  of  the  total  permanganate  added.  In  several  of  the  tables 
below  both  of  these  values  are  reported.  By  inspection  of  these  data 
(Tables  II,  III  and  V)  it  will  be  apparent  that,  in  general,  the  color  cor- 
rection and  the  iodine  correction  differ  by  no  more  than  0.02  cc,  except 
when  the  end-point  was  reached  with  the  solution  at  temperatures  below 
35®,  or  when  the  permanganate  solution  was  added  rapidly  just  at  the 
end-point.  This  was  true  in  all  but  six  of  over  two  hundred  tests;  and 
even  in  these,  the  difference  between  the  two  corrections  was  not  more 
than  0.04  cc.  It  is,  therefore,  certain  that  if  the  end-point  is  approached 
slowly  in  a  solution  above  60°  the  depth  of  color  will  be  proportional  to 
the  total  excess  of  permanganate  added,  i.  e.,  no  permanganate  will  be 
decolorized  without  at  the  same  time  being  completely  reduced  to  the 
manganous  condition.  However,  at  lower  temperatures,  in  the  presence 
of  much  sulfuric  acid  (more  than  5%  by  volume),  and  particularly 
with  rapid  addition  of  permanganate  or  with  insufOicient  stirring  just 
preceding  the  end-point,  the  amount  of  permanganate  decolorized  but 
not  wholly  reduced  to  the  manganous  condition  may  easily  be  as  much 
as  o.i  cc. 

b.  Rate  of  Addition  of  the  Permanganate. — ^The  rate  of  addition  of  the 
permanganate  solution  in  the  titration  of  iron  in  solutions  containing 
chlorides  has  been  shown  to  have  considerable  effect  upon  the  result 
obtained.^  The  influence  of  this  factor  upon  the  oxalate-permanganate 
reaction  was,  therefore,  studied. 

The  influence  of  varying  the  amount  of  permanganate  added  before 
the  quick  color  changes  of  rapid  reduction  began  was  first  tested.  This 
factor  has  an  influence  only  at  low  temperatures  (below  40-50®)  as  at 
any  higher  temperature  the  reduction  proceeds  rapidly  from  the  very 
start.  Tests  made  at  30  ^^  in  5%  sulftu-ic  acid  solution  gave  results  as 
follows: 

Amount  of  KMnOf  added  be- 
fore rapid  decolorization 
was  evident 30  cc. 

Results  obtained  (strength  of 

KMnOJ 0.005936 

37 
34 

These  results  show  that  the  addition  of  a  large  amount  of  permanganate 
before  rapid  oxidation  of  the  oxalate  begins  tends  to  give  lower  values 
for  the  permanganate  solution,  i.  e.,  to  cause  a  larger  consumption  of 
permanganate.  The  influence  of  this  factor  is  small,  but  it  is  of  some 
significance,  as  will  be  apparent  from  the  later  discussion. 

*  Skabarl,  A.,  Z.  anal.  Chetn.,  42,  359  (1903).      Friend,  A.  N.,  /.  Chem.  Soc.,  95, 
1228  (1909).    Jones  and  Jeffrey,  Analyst,  34,  306  (1909). 


10. 0  cc. 

25.0  cc. 

40.0  cc. 

0.005936 

o- 005932 

0.005929 

35 

33 

37 

• 
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After  the  initial  reduction  of  3-10  cc.  of  permanganate  the  rate  of  ad- 
dition of  the  main  portion  of  the  permanganate  was  varied,  giving  the  re- 
sults listed  in  Table  I.  These  experiments  indicate  that  except  on  long 
standing  at  a  high  temperatm-e  (after  starting  the  reaction),  or  with  a 
very  rapid  addition  of  permanganate  to  a  weakly  add  solution  at  a  high 
temperature,  the  rate  of  the  addition  of  the  permanganate  during  the  main 
part  of  the  titration  has  no  influence.  The  high  values  obtained  in 
experiments  marked  *  are  probably  due  to  oxidation  of  the  oxalic 
add  by  the  air;  and  the  low  values  of  experiments  marked  t  show  a 
loss  of  oxygen,  because  of  the  excessive  rate  of  the  permanganate  addi- 
tion. 

Tablb  I. — Effbct  op  Rats  of  Addition  op  Pbkmanoanatb  duking  Main  Part  op 

Titration. 

Result.  Addity. 
cofxected  vol.  %. 
iron  vftluc.       HtSO«. 


Acidity. 
»oL  % 
H^O«. 

5 


Temp. 
80  *» 


Time  for 
titration, 
min. 


5 

5 
27* 

I20* 
120* 


0.005945 

45 
46 

56* 


y>' 


30' 


7 

6 

37  *" 
120' 


0.005942 
42 
44 
44 


90' 


Time  for 
titration. 

Retult. 
cocracted 
irofiTaliie. 

0.5 

0.005592 

0.5 

92 

5.0 

92 

4.0 

93 

5.0 

9» 

60' 

94 

60' 

95 

0.5 

o.0O55S9t 

0.5 

S8t 

5 

9« 

5 

5600 

30> 

00 

30» 

559« 

The  effect  of  the  rate  of  the  addition  of  the  permanganate  just  at  the 
f     end-point  has  akeady  been  suggested  (p.  400);  but  the  following  data 
will  make  this  point  clearer.  In  each  pair  of  tests  the  only  variable  was  the 
I      rate  of  the  addition  of  the  permanganate  solution  just  before  the  end- 
point.    Only  the  two  experiments  in  each  group  may  be  compared  (see 
Table  II). 

In  the  first  part  of  Table  II  some  rather  extreme  cases  (experiments 
done  at  30^)  have  been  chosen  to  show  how  large  the  error  of  the 
apparent  end-point  may  be,  without  any  influence  upon  the  corrected 
value.  In  cases  where  much  smaller  corrections  were  necessary 
(temperature  60^  and  above),  the  agreement  of  uncorrected  values  was 
better,  regardless  of  the  speed  at  which  the  end  point  was  approached. 
The  latter  part  of  Table  II  shows  this  agreement  of  the  imcorrected 
values  at  the  higher  temperature.  Nevertheless,  it  is  not  desirable  to 
approach  the  end-point  so  rapidly  as  to  make  a  correction  larger  than 
0.1  cc.  necessary. 

*  Dropwise,  with  stirring. 

'  Intermittent,  without  continuous  stirring. 
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Table  II. — Effbct  of  Rate  of  Addition  of  Permanganate  at  the  End-point. 

In  the  first  of  each  pair  of  experiments,  the  end-point  was  approached  slowly,  in  the 

second  rapidly. 


T«np. 
30^ 


30 


Addit 

vol.    % 

HSSO4. 


30 


30 


30 


60 


60 


83 


96 


10 


Color 
blank. 

O.OI 

0.25 

0.03 
0.15 

0.05 
0.08 

0.04 

.  • .  • 

0.06 
0.08 

0.05 
0.03 

0.05 
0.05 

0.06 
0.06 

0.05 
0.2 


Value  of  permanganate. 


Iodine 
blank. 

Uncorr. 

Color  corr. 

Iodine  cotr. 

0.03 

0.005584 

0.005586 

0.005589 

0.34 

37 

71 

87 

0.09 

0.005929 

0.005933 

0.005942 

0.39 

5894 

12 

42 

0.085 

0.005030 

0.005034 

0.005037 

0.19 

17 

26 

38 

0.08 

0.005923 

0.005929 

0.005935 

0.51     • 

5871 

•    • 

37. 

O.II 

0.005636 

0.005642 

0.005648 

0.14 

33 

43 

50 

0.05 

0.005642 

0.005649 

0.005649 

0.05 

45 

49 

51 

0.07 

0.005638 

0.005646 

0.005649 

0.06 

40 

44 

46 

0.07 

0.005642 

0.005650 

0.005651 

0.06 

45 

52 

52 

0.04 

0.005647 

0.005652 

0.005651 

0.15 

33 

61 

54 

500  cc. 

700  cc. 

1000  cc. 

0.005136 

0.005133 

0.005127 

34 

32 

29 

c.  Volume  of  the  Solution. — ^The  volume  of  the  solution  in  which  the 
titration  is  made  might  affect  the  rate  of  the  reaction  and,  therefore, 
possibly  the  result  of  the  titration.  Tests  were  made  of  this  point  by 
varying  the  initial  volume  in  a  series  of  titrations  made  at  90°  in  solu- 
tions containing  5%  by  voliune  of  sulftuic  acid.  The  results  were  as  fol- 
lows: 

Initial  volume. .       50  cc.  250  cc. 

Values  obtained    0.005139      0.005139 

36  39 

37 

By  increasing  the  initial  volume  beyond  250  cc,  the  resulting  value 
for  the  permanganate  solution  is  markedly  decreased.  That  this  is  due 
to  the  change  in  the  initial  concentration  of  the  oxalate  is  indicated  by 
the  results  obtained  in  two  titrations  in  which  the  initial  volume  was  looo 
cc.  but  the  amoimt  of  oxalate  used  was  increased  threefold,  thus  making 
its  initial  concentration  about  that  ordinarily  resulting  in  an  initial 
volume  of  350  cc.    The  results  thus  obtained  were  o .  005 1 36  and  o .  005 1 36. 

At  30^  the  initial  rate  of  the  permanganate  reduction  is  so  much  less 
than  at  90°,  that  it  is  not  possible  to  note  the  effect  of  initial  volume 
free  from  this  influence.    A  few  results  were  obtained  as  follows: 

Initial  volume 50  cc.  250  cc. 

Values  obtained 0.005943  0.005942 

45  42 


1000  cc. 
0.005945 
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In  these  experiments  no  decided  effect  of  volume  is  to  be  fotmd. 

It  should  be  noted  that  in  each  of  these  cases  the  change  in  volume 
had  no  effect  upon  the  concentration  of  the  sulfuric  acid  present. 

d.  Acidity  and  Temperature. — ^The  effects  of  acidity  and  of  tempera- 
ture were  investigated  by  two  series  of  experiments,  the  results  of  which 
are  given  in  Tables  III  and  IV.  These  data  show  that  either  higher 
temperature  or  less  concentration  of  sulftuic  add  tends  to  give  higher 
values  for  the  permanganate,  i.  e.,  to  reduce  the  amotmt  of  permanganate 
required.  These  effects  are  not  large  and,  indeed,  the  results  obtained 
m  some  cases  show  duplicates  as  discordant  as  experiments  carried  out 
under  somewhat  different  conditions;  nevertheless,  the  tendency  in  the 
two  directions  is  rather  convincing  that  these  factors  have  a  real  influ- 
ence upon  the  results  obtained.  The  importance  of  even  such  slight 
variations  is  considerable,  as  will  be  apparent  from  the  discussion  later. 
It  will  be  seen  from  the  data  of  Table  IV  that  the  first  series  exhibits 
a  larger  apparent  influence  of  temperattu'e  than  the  second  series  reported. 
This  is  due  to  the  greater  care  exercised  in  the  latter  series  to  stir  the  solu- 
tion very  vigorously  and  to  add  the  permanganate  more  slowly,  particu- 
larly at  the  beginning  and  end  of  each  titration.  However,  the  first 
series  shows  better  the  variation  which  may  be  expected  if  only  ordinary 
titration  precautions  are  observed. 

Tabls  III. — Effect  op  Acidity  and  Tbmpbraturb.  \_^ 

Acidity.  Valve  of  permanganate, 

vol.   %      Color  Iodine 


Temp.       Hi^04.  blank.  blank.  Uncorr.  Color  corr.  Iodine  cocr. 

30®     2  0.04  0.06  0.005x29  0.005135  0.005137 

2  0.04  0.05  33  38  39 

5  0.04  0.05  27  32  34 

5  0.03  0.035  27  31  31 

10  0.05  O.IO  18  25  32 

10  0.02  0.09  21  24  33 

45      2  0.02  0.03  0.005134  0.005136  0.005138 

2  0.03  0.04  34  38  40 

5  0.03  0.04  30  34  35 

5  0.03  0.025  30  37  36 

10  o.oi  0.03  35  36  39 

10  0.03  0.03  31  35  35 

10  0.02  0.035  37  40  42 

60     2  0.02  0.02  0.005129  0.005132  0.005132 

2  0.03  0.03  36  40  40 

2  0.035  0035  33  37  37 

2  0.04  0.05  35  41  42 

5  0.04  0.06  26  32  46 

5  0.05  0.05  32  39  39 

10  0.05  0.05  33  40  40 

10  0.03  0.05  33  37  40 

10  0.02  0.Q4  34  38  40 
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Tabls 

III  (conUnuBti). 

H,S04. 

Color 
blank. 

Iodine 
hlMik. 

Value  of  permanganate. 

Temp. 

Uncocr. 

Color  oorr. 

Iodine  oocT. 

75" 

3 

0.03 

0.02 

O.OO514X 

0.005144 

0.005143 

2 

0.03 

0.03 

37 

41 

41 

5 

0.04 

0.025 

37 

42 

40 

5 

0.03 

0.03 

39 

43 

43 

10 

0.05 

0.06 

29 

36 

37 

10 

0.06 

0.04 

34 

43 

40 

80 

2 

0.05 

0.045 

0.005138 

0.005145 

0.005144 

2 

0.02 

0.03 

36 

39 

40 

2 

0.04 

0.05 

36 

42 

43 

5 

0.03 

0.05 

38 

42 

44 

5 

0.04 

0.04 

39 

44 

44 

10 

0.03 

0.03 

34 

^38 

38 

xo 

0.03 

0.03 

36 

40 

40 

86 

2 

0.04 

0.03 

0.005142 

0.005146 

0.005144 

2 

0.02 

0.03 

40 

43 

43 

5 

0.03 

0.035 

38 

42 

43 

5 

0.02 

0.02 

37 

40 

40 

10 

0.02 

0.02 

38 

41 

41 

10 

0.03 

0.045 

35 

39 

41 

92 

2 

0.02 

0.03 

0.005143 

0.005146 

0.005148 

2 

0.02 

0.03 

46 

48 

49 

5 

0.035 

0.Q4 

39 

43 

44 

5 

0.05 

0.05 

32 

39 

39 

5 

0.05 

0.06 

30 

37 

39 

5 

0.06 

0.06 

31 

39 

39 

10 

0.05 

•  0.05 

32 

38 

38 

10 

0.06 

0.06 

30 

38 

38 

Tabls  IV. — ^Effbct  of  Acidity  and  Tsbcpbraturs. 

(a)   Sexies  i,  rearrangement  of  data  of  Table  III. 

Acidity,  vol.  %  H^04. 


iperalurc. 

2%, 

5%. 

10%. 

30*» 

0.005x38 

0 

•005133 

0.005132 

45 

39 

35 

38 

60 

38 

42 

40 

75 

42 

42 

38 

80 

42 

44 

39 

86 

44 

42 

41 

92 

48 

40 

38 

W 

Series 

2. 

30 

0.005646 

0 

.005646 

0.005649 

60 

50 

48 

48 

80 

•  • 

50 

. . 

85 

51 

50 

44 

92 

■   • 

50 

•   ■ 

95 

53 

52 

46 

Each  value  reported  is  the  average  of  at  least  two  deterxninations. 


STANDARDIZATION   OP  POTASSIUM  PBRMANGANATB  SOLUTION.        405 

In  addition  to  the  data  of  Tables  III  and  IV,  those  in  other  tables  will 
show  the  same  influence  of  temperature  and  acidity  as  are  here  indi- 
cated. Taking  these  data  all  together,  it  is  certain  that,  though  small, 
these  influences  are  appreciable. 

The  time  in  the  titration  at  which  the  temperature  has  an  influence 
upon  the  result  is  evident  from  the  tests  of  Table  V.  These  data  show 
that,  except  in  its  influence  upon  the  size  of  the  end-point  correction, 
the  temperature  of  the  solution  after  the  first  few  cc.  of  the  permanganate 
have  been  decolorized  is  without  appreciable  effect.  The  significance 
will  be  apparent  when  considered  in  connection  with  the  results  of  the 
tests  given  in  Table  VIII. 

TaBLB  V. — ^TlMB  AT  WHICH  TbmPSRATUXB  HAS  EPFSCT. 

All  titrations  started  in  250  cc.  of  5%  by  volume  sulfuric  acid. 

Temperature:  a,  initial; 
b,  during  main  part  of 


titration;  c.  at  end-point. 


Value  of  pennanganatf. 


a. 

b. 

c. 

Color 
bUmk. 

Iodine 
bUmk. 

XJacofT. 

Color  corr. 

Iodine  cocr. 

90^ 

90^ 

90*» 

0.05 

0.06 

0.005130 

0.005137 

0.005139 

0.06 

0.06 

31 

39 

39 

90 

90 

30 

0.03 

0.07 

29 

33 

38 

0.03 

0.065 

30 

34 

39 

90 

30 

30 

0.03 

0.09 

25 

29 

37 

0.04 

0.12 

19 

24 

35 

30 

30 

30 

0.03 

0.05 

0.005x26 

0.005 

130 

0.005133 

0.05 

0.08 

24 

32 

36 

0.04 

0.085 

22 

27 

32 

30 

30 

90 

0.05 

0.06 

25 

3ri 

33 

0.07 

0.09 

25 

34 

36 

0.05 

0.05 

25 

30 

30 

0.04 

0.05 

29 

34 

34 

30 

90 

90 

0.03 

0.03 

29 

34 

34 

0.03 

0.03 

31 

35 

35 

e.  Air  Access — Oxidizing  Effect. — It  has  been  suggested*  that  during 
the  course  of  the  reaction  atmospheric  oxygen,  through  the  carrying  ac- 
tion of  the  manganous  salt,  might  cause  the  oxidation  of  appreciable 
amounts  of  oxalic  add.  To  test  this  point,  a  preliminary  series  of  ex- 
periments was  made  as  to  the  results  obtained  on  the  removal  of  the  larger 
part  of  the  air  from  the  titration  vessel.  To  accomplish  this,  the  solu- 
tion to  be  titrated  was  made  up  in  a  flask  with  recently  boiled  water 
and  a  small  amount  of  soditun  carbonate  added  just  before  starting 
the  titration.  The  carbon  dioxide  evolved  carried  out  the  bulk  of  the 
air,  and  the  flask  was  kept  stoppered  and  the  permanganate  run  in  through 
a  small  funnef,  which  passed  through  the  stopper.     From  the  results  it 

^  Who  first  suggested  this  is  not  known;  Schroder  has  tested  this  point  recently 
(Z.  dffent,  Ckem,,  x6,  270  (1910)).     Set  p.  409  for  discussion  of  his  data. 
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appeared  that  no  oxidizing  action  of  the  air  was  to  be  feared ;  but  to  further 
test  this  point  the  following  method  was  employed. 

The  solution  to  be  titrated  was  placed  in  a  glass-stoppered  flask  of 
special  form  (see  Fig.  i)  and  a  strong  current  of  air  or  carbon  dioxide, 
as  desired,  was  bubbled  through  the  liquid  before  commencing  the  titra- 
tion and  during  its  progress.  When  carbon  dioxide  was  used,  the  solu- 
tion was  heated  to  boiling  and  then  cooled  to  the  desired  temperature 
in  a  stream  of  the  gas,  thus  ensuring  the  absence  of  all  but  the  last  traces 
of  air. 

The  two  series  of  tests  made  la  this  maimer  are  summarized  in  Tables 
VI  and  VII: 

Tablb  VI. — Effect  of  Access  of  Air  on  Titration. 
All  titrations  started  in  250  cc.  of  5%  by  volume  HjSO^. 


Temp. 

Titration  in  flmk 
with  air  bubbled 
through  solution. 

Titration  in  flask 

with  carbon 
dioxide^  bubbled 
through  solution. 

Titration  in  beaker 

open  to  air,  as  in 

ordinary  procedure. 

30^ 

0.005041 

0.005037 

0.005040 

40 

38 

39 

60 

42 

40 

41 

42 

43 

40 

90 

42 

47 

41 

41 

51 

44 

Table  VII. — Effect  of  Access  of  Air  on  Titration. 
All  titrations  started  in  250  cc.  of  2%  by  volume  11,804. 


Temp. 

Titration  in  flask 
with  air  bubbled 
through  solution. 

Titration  in  flask 

with  carbon 

dioxide  bubbled 

through  solution. 

Titration  in  beaker 

open  to  air,  as  in 

ordinary  procedure. 

30« 

0-005591 

'0.005592 

O- 00559 I 

91 

93 

92 

60 

94 

99 

97 

94 

99 

97 

90 

94 

5600 

98 

95 

01 

5602 

The  data  of  Tables  VI  and  VII  show  that  no  large  error  comes  from 
atmospheric  oxidation  of  the  oxalate  during  titration.  The  largest  diflFer- 
ence  between  results  obtained  using  air  and  using  carbon  dioxide*are  only 
one  part  in  500  (0.2%)  and  the  diflPerences  were  usually  less  than  one- 
half  this  amount.  Moreover,  if  carried  out  in  a  beaker  as  ordinarily  done, 
the  values  obtained  are  not  appreciably  different  from  those  where  air 
is  wholly  excluded  (cf .  last  two  columns  of  Table  VII) ;  and  even  when 
air  is  bubbled  through  the  solution  during  a  titration  at  90®,  the  oxida- 
tion is  scarcely  appreciable.     No  such  chance  for  atmospheric  action  is 

^  The  carbon  dioxide  uied  in  the  experiments  of  Table  VI  was  found  to  contain 
3%  of  methane,  so  the  results  of  the  teats  reported  in  this  table  are  only  approximate. 
See  p.  396. 
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met  with  under  the  ordinary  conditions  of  titration,  since  when  following 

the  usual  procedure  the  caibon  dioxide  formed  during  the  reaction  pre- 
vents much  oxyzen  from  the  air  re-  r^  , 
manuDg  m  the  solution  durmg  the                            ' 
reaction. 

One  other  point  tested  was  the 
eSect  of  time  elapsing  before  the  be- 
ginning of  the  titration.  Four  sam- 
ples were  made  up  to  250  cc.  with 
5%  by  volume  sulfuric  add  and 
heated  to  90°.  Two  were  titrated 
at  once,  the  other  two  after  stand- 
ing an  hour  at  90°.  The  four  re- 
sults agreed  within  i  in  S5cx>,  show- 
ing that  even  under  these  rather 
severe  conditions  oxalic  acid  is  suf- 
ficiently stable  and  non-volatll  to 
[vevent  loss  during  a  titration  from 
oxidation  (in  the  absence  of  man- 
ganous  salts,  at  least),  from  de- 
composition by  the  sulfuric  acid,  or 
from  volatilization  with  the  steam. 

As  a  further  proof  that  atmos- 
pheric oxidation  is  not  an  im- 
portant factor  in  the  oxalate  titra- 
tion, the  effect  of  the  rate  of  titra- 
tion may  be  cited.  In  the  data  of 
Table  I,  the  titrations  covering  a 
period  up  to  one  hour  show  almost 
no  tendency  to  give  higher  values. 
This  is  contrary  to  what  might  be 
expected  if  oxidation  were  taking  place,  as  the  oxidation  occurring  would 
naturally  be,  at  least  roughly,  proportional  to  the  time  elapsed;  and 
such  is  not  the  case.  Experiments  marked  *  are  the  only  exceptions 
met  with  (see  Table  I). 

/,  Presence  of  Added  Manganons  SiUf(Ue. — Since  the  presence  of  added 
manganous  sulfate  would  probably  influence  the  initial  rate  of  the  reac- 
tion, its  effect  upon  the  result  of  the  titration  was  tested.  A  series  of 
tests  (all  but  the  last  two  at  30°)  was  carried  out  with  the  addition  of 
manganous  sulfate  at  difierent  points  in  the  course  of  the  reaction.  One 
ec.  of  the  solution  of  manganous  sulfate  added  was  equivalent  to  the  man- 
ganous salt  formed  by  the  reduction  of  10  cc.  of  the  permanganate  solu- 
tion.   The  results  of  these  experiments  are  given  in  Table  VIII, 


f/gfi  i*V**^,     capaci'Tf  ■Soo  ri 
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It  appears  from  these  data  that  unless  the  MnSO^  be  added  before  the 
beginnitig  of  the  titration  it  has  little  effect  upon  the  result  obtained. 
However,  if  even  a  small  amount  is  added  before  starting  the  reaction 
at  30^,  the  value  obtained  is  the  same  as  is  ordinarily  obtained  at  90^ 
without  the  addition  of  manganous  salt.  Addition  before  titration  at 
90^  has  no  influence. 

Tablb  VIII. — Effect  of  Addbd  Manganous  Sulfate. 
All  but  last  two  tests  at  30°,  last  two  at  90°;  all  started  in  250  cc.  of  5%  by  volume  H^SO^. 


Amt.  M11SO4 
■oliition  added. 

None 


Time  of  addition. 


T  CC. 


20  CC. 


I  CC. 


20  CC. 


I  CC. 


30  CC. 


Before  start  of  titration 

Before  start  of  titration 

After  decolorization  of  10  cc.  of  KMn04 

After  decolorization  of  10  cc.  of  KMn04 

Just  before  end-point 

Just  before  end-point 


None 

(titm.  at  90**) 


Value  of 
KMn04  f  ottmd. 

0.0  5576 

77 
77 
79 
0.005582 
81 

0.005583 
83 

0.005578 

77 

o  005578 
80 

0.005579 
81 

0.005578 

78 

0.005582 
83 


III.  Discussion  and  Conclusions. 

I.  Review  of  Possible  Errors. — As  the  standardization  procedure  con- 
sists in  solution  of  a  weighed  sample  in  dilute  sulfuric  add  and  direct 
titration  with  permanganate,  any  error  occurring  must  be  due  either 
to  error  in  weighing  of  oxalate  or  measuring  of  the  permanganate  or  to  a 
variation  of  the  reaction  itself  from  the  form  usually  given,  viz.: 

5H,C,04  +  2KMnO,  -f  3H3SO4  ==  K,S04  +  2MnS04  -f  10CO2  4-  8H,0. 

Since  as  already  indicated  (p.  397)  there  is  no  necessity  for  an  error  in 
either  the  weighing  of  the  oxalate  or  the  measuring  of  the  permanganate 
greater  than  one  part  in  2000,  only  the  irregularities  of  the  reaction  need 
be  considered  at  length. 

The  variations  of  the  reaction  from  its  normal  course  may  tend  to  cause 
the  use  of  an  excess  of  either  permanganate  or  oxalate;  or  both  sorts  of 
influences  may  operate  at  the  same  time,  in  equal  or  unequal  degree. 
There  are  nine  possibilities  of  such  irregularity;  the  first  five  of  these 
would  cause  too  small  a  consumption  of  permanganate,  the  next  two 
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an  excessive  use  of  it,  and  the  last  two  might  cause  either  of  these  effects. 
These  possible  sources  of  error  are: 

(a)  Loss  of  oxalic  acid  by  volatilization  from  the  solution. 

(6)  Decomposition  of  oxalic  acid  by  water. 

(c)  Decomposition  of  oxalic  acid  by  sulfuric  acid. 

(d)  Oxidation  of  oxalic  acid  by  contact  of  the  solution  with  the  air. 

(e)  Presence  of  oxalic  acid  tmoxidized  at  the  end-point. 
(/)   Liberation  of  oxygen  dtu-ing  the  reaction. 

(g)  Presence  at  the  end-point  of  unreduced  permanganate  or  other 
compounds  of  manganese  higher  than  manganous. 

(k)  Presence  of  impurities  in  the  oxalate,  either  of  greater  or  less  re- 
ducing power  than  the  oxalate. 

(i)  Formation  of  other  products  of  oxidation  than  carbon  dioxide  and 
water. 

(a)  Loss  of  Oxalic  Acid  by  Volatilization. — ^The  fact  that  oxalic  acid  is 
readily  volatile  alone  suggests  the  danger  of  loss  from  its  solution  by 
vaporization  with  steam.  However,  from  the  dilute  solutions  employed 
for  titration  ptuposes,  no  such  losses  occtu',  as  has  already  been  shown. 
The  results  obtained  after  an  hour's  standing  at  90^  in  5%  sulfuric  add 
solution  showed  (p.  407)  that  no  loss  of  oxalic  acid  had  occurred.  Simi- 
larly, when  the  titration  extended  over  a  period  of  one  hour  (Table  I,  p. 
401)  or  when  carbon  dioxide  or  air  was  bubbled  through  the  solution 
(Tables  VI  and  VII,  p.  406)  no  such  higher  values  of  the  perman- 
ganate were  obtained,  as  would  have  resulted  had  volatilization  of  the 
oxalic  acid  occurred.  From  these  results  it  is  apparent  that  no  appre- 
ciable vaporization  of  oxalic  acid  will  take  place  during  the  course  of  an 
ordinary  titration,  which  lasts,  at  the  most,  only  5-10  minutes. 

{b),  (c).  Decomposition  of  Oxalic  Acid  by  Water  or  by  Sulfuric  Acid. — 
The  same  data  which  have  shown  that  no  volatilization  occurs  also  prove 
that  the  water  and  sulfuric  acid  had  not  caused  a  decomposition  of  the 
oxalic  add.  These  possible  errors  can,  therefore,  be  considered  improba- 
ble tmder  any  ordinary  conditions  of  titration. 

The  experiments  reported  by  Carles,^  from  which  he  was  led  to  state 
that  at  100®  oxalic  add  in  solution  is  slowly  decomposed  with  the  forma- 
tion of  carbon  dioxide  and  formic  acid,  are  not  confirmed  by  our  experi- 
ments. If  such  decomposition  does  take  place,  it  is  so  slow  as  to  have 
no  appreciable  influence  upon  the  results  of  a  titration  made  at  90®  or 
below. 

(d)  Oxidation  of  Oxalic  Acid  by  the  Air. — Schroeder^  has  shown  that 
in  the  presence  of  manganous  sulfate,  oxalic  acid  solutions  are  oxidized 
by  the  air  at  an  appredable  speed.     This  author  presents  a  large  amount 

*  Bull.  soc.  Mm.,  14,  142-4  (1870). 
'Z.  dffent.  Chem.f  16,  270  (19 10). 
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of  experimental  data,  from  which  he  draws  very  decided  conclusions. 
Those  which  are  of  importance  in  the  present  discussion  are  as  follows 
(numbered  as  in  original) : 

(3)  **In  the  oxidation  of  oxalic  acid  by  potassium  permanganate,  an 
error  (too  little  KMnO^  used)  enters  through  the  presence  of  atmospheric 
oxygen,  which  error  is  greater  in  the  presence  of  manganous  sulfate  or 
more  especially  titanium  dioxide. 

(5)  *'By  rapid  titration  in  a  stream  of  oxygen  this  error  of  No.  3  dis- 
appears, the  oxygen  acting  on  the  oxalic  acid  to  give  hydrogen  peroxied, 
which  requires  a  corresponding  amount  of  permanganate. 

(6)  *'In  the  presence  of  much  manganous  sulfate,  with  oxalic  acid  of 
high  concentration,  especially  in  the  presence  of  titanium  dioxide,  this 
hydrogen  peroxide  of  No.  5  disappears,  very  rapidly  if  hot,  and  the  error 
of  No.  3  is  then  evident,  as  the  compensating  action  of  the  hydrogen 
peroxide  is  not  possible. 

(7)  **  Rapid  titration  at  50®  with  30  cc.  of  i  :  i  sulfuric  acid  in  200  cc. 
of  water  gives  results  which  agree  with  the  iodine  method  of  standard- 
ization." 

Schroeder  therefore  recommends  that  the  greater  part  of  the  perman- 
ganate be  rapidly  run  into  a  strongly  acidified  solution  of  the  oxalate 
and  then  the  titration  finished  more  slowly.  Addition  of  manganous 
sulfate  is  not  recommended. 

The  experimental  data  presented  by  Schroeder,  which  are  of  importance 
to  this  discussion,  are  those  in  his  tables  numbered  3,  4,  5,  6,  10  and  11. 
These  data,  with  very  few  exceptions,  seem  to  warrant  the  following  con- 
clusions (not  expressed  by  Schroeder  but  drawn  from  his  data) : 

(a)  High  temperature  tends  to  cause  a  smaller  permanganate  consump- 
tion (Tables  3,  4,  5  and  6). 

(b)  High  acidity  tends  to  cause  a  high  permanganate  consumption 
(Tables  3,  4,  5,  10  and  11). 

(c)  Slow  titration  (10  min.)  requires  less  permanganate  than  fast 
(i-ij^  min.)  titration. 

(d)  Presence  of  added  manganous  sulfate  (1-5  g.)  tends  to  cause  less 
permanganate  to  be  used,  even  with  rapid  titration  (Tables  5  and  6). 

(e)  Titration  in  an  air  current  required  slightly  more  permanganate 
than  in  a  ciurent  of  carbon  dioxide,  when  made  either  rapidly  or  slowly 
or  in  the  presence  of  large  or  small  amounts  of  acid. 

It  must  be  noted  that  in  his  experiments  the  stirring  was  very  ineflS- 
cient,  since  Schroeder  often  refers  to  his  titration  as  ** frequently  whirled" 
(umgeschwenkt)  and  "whirled  from  time  to  time;"  and  no  end-point  cor- 
rection^  were  made  even  when  the  titrations  were  conducted  rapidly, 
at  low  temperature,  or  in  the  presence  of  large  amounts  of  acid  and  man- 
ganous salt. 
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These  condusions  as  to  the  influence  of  conditions  are  confirmed,  in 
general,  by  the  data  obtained  in  our  own  work;  but  it  does  not  seem  that 
the  conclusions  expressed  by  Schroeder  (quoted  p.  410)  necessarily  fol- 
low from  the  data  which  he  presents.  In  fact,  from  his  own  experimental 
results,  we  would  infer,  as  stated  by  us  in  our  conclusion  (e)  (2nd  preced- 
ing paragraph),  that  the  error  due  to  atmospheric  oxidation  claimed 
by  him  (see  (3)  p.  410)  does  not  exist.  Although  it  is  admitted 
that  on  long  standing  at  high  temperature  oxalic  acid  in  solution  in  the 
presence  of  much  manganous  sulfate  is  oxidized  by  the  air,  such  a  combina- 
tion of  conditions  is  not  met  in  the  standardization  of  permanganate; 
and  such  oxidation  does  not  take  place  to  any  such  extent  as  claimed 
by  Schroeder  under  the  conditions  which  are  properly  employed.  On 
the  above  basis  we  believe  that  Schroeder 's  conclusion  (3)  is  not  war- 
ranted,  even  by  his  own  data. 

If,  as  seems  necessary,  the  explanation  that  loss  of  oxygen  and  not  atmos- 
pheric oxidation  is  responsible  for  the  variation  of  the  permanganate 
values  obtained  under  different  conditions  of  titration,  then  the  conclu- 
sions (5)  and  (6)  expressed  by  Schroeder  are  not  necessary  f«r  the  ex- 
planation of  the  experimental  data. 

The  fact  that  the  use  of  the  conditions  chosen  by  Schroeder  gave  values 
which  agreed  well  with  those  obtained  by  the  iodine  method  of  perman- 
ganate standardization  (see  (7)  p.  410)  would  not  prove  that  these  condi- 
tions are  correct,  since  no  evidence  is  presented  to  show  that  the  iodine 
standardization  was  carried  out  under  conditions  giving  correct  values. 
As  a  matter  of  fact,  the  iodine  standardization  is  even  more  largely  af- 
fected by  conditions  than  is  the  oxalate  method  and  none  of  these  influ- 
ences has  been  systematically  studied. 

As  has  already  been  stated  (p.  406)  the  experimental  data  obtained 
by  the  author  do  not  indicate  that  any  appreciable  atmospheric  oxida- 
tion of  oxalic  acid  occurs  during  the  coiu-se  of  a  standardization.  More- 
over, Schroeder's  data  warrant  the  conclusion  that  when  titrations  are 
made  in  a  stream  of  au-,  no  less  (and  perhaps  even  more)  permanganate  is 
required  than  if  made  in  a  stream  of  carbon  dioxide. 

Therefore,  it  appears  certain  that  the  oxidizing  effect  of  the  air  during 
the  permanganate-oxalate  reaction  will  not  have  an  appreciable  influ- 
ence upon  the  result  obtained  from  such  standardization. 

(e)  Presence  of  Oxalic  Acid  Unoxidized  at  the  End-point. — In  so  far  as 
our  present  knowledge  goes,  there  is  no  evidence  to  indicate  any  incom- 
pleteness in  the  oxidation  of  the  oxalic  acid.  Since  one  of  the  products 
of  the  reaction,  the  carbon  dioxide,  is  almost  wholly  removed  from  the 
sphere  of  action,  there  is  little  if  any  tendency  to  come  to  an  equilibrium 
before  the  whole  of  the  oxalate  is  oxidized.     The  reaction 

Mn '  •  •  (or  MdO^-)  +  HjCjO^  -  Mn  •  •  +  H,0  +  CO^ 
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cannot  be  reversible  under  the  conditions  of  titration;  and  unless  it  be 
reversible,  unoxidized  oxalic  acid  would  hardly  remain  in  the  presence 
of  an  excess  of  permanganate.  Moreover,  if  no  free  oxalic  acid  remains, 
the  complex  Mn(OH)g.^H2C304  could  not  be  stable  since  it  would  be  com- 
pletely decomposed  according  to  the  reaction 

Mn(OH)3»jcHA04  :^  Mn(0H)3  +  xHJC^O^, 

Since  the  H2CJO4  formed  by  this  last  reaction  is  destroyed  by  the  KMnO^ 
excess  as  fast  as  formed,  the  reaction  would  continue  to  the  complete 
decomposition  of  the  complex.  The  fact  that  the  solution  at  the  end  of 
a  titration  contains  an  excess  of  permanganate  and  does  not  lose  its  oxid- 
izing power,  even  after  standing  for  half  an  hour  or  more  at  90°,  indicates 
that  the  oxidation  of  the  oxalate  must  have  been  complete  during  the 
titratign. 

*  (/)  Liberation  of  Oxygen. — In  a  recent  article  Sarkar  and  Dutta*  claim  that 
unlimited  amounts  of  permanganate  can  be  reduced  by  small  amounts 
of  organic  material  at  high  temperatures  (85-90°)  and  high  acidity  by 
the  following  cycle  of  reactions: 

(a)  sHjCjO^  4-  2KMnO,  +  3H,S0,  =  10CO3  +  K^SO^  +  2MnS04  +  8HjO. 

(b)  3MnS0,  -f-  2KMn04  +  2H,0   =  sMnO,  +  K,S04  +  2H,S04. 

(c)  2Mn02  +  2H2SO4   =  2MnS04  +  2HjO  -f  O,. 

(d)  2MnS04  +  2KMn04  +  ^HjO   =   5Mn02  +  KjSO^  -I-  2H2SO4. 

Similarly  other  authors  have  claimed  that  oxygen  is  evolved  from  the 
interaction  of  sulfuric  and  permanganic  acids.' 

In  reply  to  Sarkar's  and  Dutta's  claim,  Skrabal'  has  proposed  the  fol- 
lowing scheme  as  explaining  the  evolution  of  oxygen  when  permanganate 
and  oxalic  acid  react.  (Compare  with  this  author's  scheme  for  the  nor- 
mal reaction,  given  on  p.  396.) 

I.  Incubation  period : 

MnV"  _►  Mn"  +  0,  (i) 

II.  Induction  period : 

(  _^  Mn"  +  Mn^v  (2) 

MnV"  +  Mn"  — ►  Mn"' }  or 

[  -^  Mn"  +  O2  (3) 

III.  End  period: 

Mn^v  _^  mjiIi  ^  o,  (4) 

Whether  one  wished  to  accept  this  last  scheme,  or  that  of  Sarkar  and 
Dutta,  or  even  some  entirely  different  explanation,  the  fact  remains  that 
oxygen  may  be  evolved  diuing  the  course  of  these  reactions  when  they 
take  place  under  certain  conditions.     Such  oxygen  loss   would  be  ex- 

*  Z.  anorg.  Chem.,  67,  225-33  (19 10). 

■  Hirtz  and  Meyer,  Ber.,  29,  2828-30  (1896).     Gooch  and  Danner,  Am.  J.  Set., 
[3]  44f  301-10  (1892).     Jones,  /.  Chem.  5oc.,  33*  95  (1878). 
'  Z.  anorg.  Chem.^  68,  48-51  (1910), 
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pected  under  either  of  the  foUowing  conditions,  viz.,  an  increased  concen- 
tration of  add  or  an  increased  concentration  of  HMnO^  or  MnO,  (and 
possibly  also  of  Mn^O,)  in  the  solution.  The  first  of  these  conditions 
is  produced  by  direct  increase  in  amount  of  add  added  and  the  result 
has  been  shown  to  be  an  increased  permanganate  consumption  (see  Tables 
III  and  IV).  The  presence  of  HMnO^,  MnO,  and  perhaps  Mn^Og,  one  or 
ally  is  caused  by  any  one  of  the  following  influences: 

Low  temperature,  which  decreases  the  rate  of  their  reduction  to  the 
raanganous  condition. 

Large  bulk  of  solution,  which  reduces  the  oxalate  concentration  and 
therefore  the  rate  of  their  reduction  to  manganous  condition;  and 

Rapid  addition  of  permanganate  (espedally  at  the  start  or  just  be- 
fore the  end-point)  or  insuffident  stirring,  both  of  which  allow  the  unre- 
duced or  partially  reduced  manganese  to  accumulate  throughout  or  in 
parts  of  the  solution. 

Each  of  these  conditions  has  been  shown  to  cause  an  increase  in  the 
permanganate  used  for  the  titration.  On  the  other  hand,  addition  of 
manganous  sulfate,  which  increases  the  rapidity  of  the  reduction  of  the 
manganese,  causes  a  decreased  consumption  of  permanganate  (see  Table 
VIII). 

To  briefly  summarize  these  points:  the  loss  of  small  amounts  of  oxygen, 
which  certainly  does  occur  imder  some  conditions,  would  accoimt  for  the 
effect  noted  in  all  of  the  experiments  described  where  change  of  tempera- 
ture, of  aridity,  of  volume,  of  rate  of  addition  of  the  permanganate,  of 
rate  of  stirring  or  the  addition  of  manganous  sulfate  has  an  appredable 
influence  upon  the  result  of  the  standardization.  Since  with  proper 
precautions  these  variations  can  be  reduced,  indeed  almost  eliminated, 
over  considerable  range  of  temperature,  aridity  and  volume  of  solution, 
there  is  good  reason  to  believe  that  the  loss  of  oxygen  is  almost,  if  not 
wholly,  prevented.  In  this  connection,  it  must  again  be  emphasized 
that  vigorous  stirring  throughout  the  titration,  and  slow  addition  of  the 
permanganate  at  the  beginning  and  at  the  end,  are  essential  if  correct 
results  are  to  be  had. 

(g)  Incomplete  Reduction  of  the  Permanganate, — It  has  been  shown  in 
the  discussion  of  the  end-point  corrections  (p.  399)  that  in  addition 
to  permanganate  there  is  often  manganic  (Mn***)  or  tetravalent 
manganese  (Mn  •  •  •  •)  salt  present  at  the  end-point.  However,  the  error 
caused  by  their  presence  is  corrected  by  the  end-point  "blank"  described 
above  and,  therefore,  need  not  be  considered  as  influenring  the  results 
already  given.  In  the  ordinary  titration,  such  error  would  be  serious 
only  if  improper  conditions  of  titration  were  chosen.  The  conditions 
recommended  below  entirely  eliminate  this  source  of  error. 

(k)  Impurities  in  the  Oxalate. — ^The  question  of  purity  of  the  sodium 
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oxalate,  water  and  acid  used  in  the  titration,  must,  of  course,  be  consid- 
ered; but  there  is  no  need  for  appreciable  error  to  arise  due  to  this  source 
if  the  simple  tests  referred  to  above  imder  "reagents  used"  are  applied. 
As  especially  affecting  the  present  discussion,  this  source  of  error  has 
been  eliminated  even  beyond  the  accuracy  of  the  tests  for  purity  of  the 
oxalate,  since  only  comparative  values  were  employed. 

(i)  Abnormal  Oxidation  Products. — Several  abnormal  products  of  the 
oxidation  can  be  imagined,  for  example,  carbon  monoxide,  hydrogen, 
hydrogen  peroxide  and  oxides  of  carbon  higher  than  carbon  dioxide. 
It  is  not  at  all  probable  that  either  hydrogen  or  carbon  monoxide  would 
result  from  such  a  reaction  as  that  under  consideration,  since  the  former 
would  be  liberated  in  a  nascent  state  very  easily  oxidized  and  the  latter 
coidd  be  formed  only  by  a  decomposition  of  the  oxalate  molecule  in  a  way 
never  observed  except  imder  the  action  of  a  strong  dehydrating  agent, 
e,  g.,  concentrated  sulfuric  acid. 

The  possibility  of  the  formation  of  hydrogen  peroxide  or  higher  car- 
bon oxides  has  been  discussed  by  Schroeder.*  This  could  lead  to  error 
under  only  the  first  of  the  following  two  conditions,  viz.,  that  they  sub- 
sequently decomposed,  setting  free  oxygen  or  that  they  remained  intact 
at  the  end  point.  The  former  condition  has  already  been  discussed 
(p.  412) ;  the  latter  possibility,  that  they  remain  unacted  upon  to  the  end 
of  the  titration,  is  both  improbable  and  immaterial,  since,  when  the  end- 
point  correction  is  employed,  the  excess  of  oxygen  which  they  might 
contain  would  imdoubtedly  be  corrected  for  by  the  *' blank"  as  deter- 
mined with  potassium  iodide. 

2.  Summary  and  Conclusions. 

As  is  indicated  in  the  discussion  immediately  preceding,  there  appear 
to  be  only  two  soiu^ces  of  variation  from  the  normal  course  of  the  reac- 
tion which  are  at  all  probable,  viz.,  loss  of  oxygen  from  the  solution  or 
oxidation  of  part  of  the  oxalic  acid  by  atmospheric  action.  Although 
either  of  these  theories  explains  a  large  part  of  the  experimental  facts, 
only  the  former  can  be  held  in  the  light  of  the  experiments  of  Tables  VII 
and  the  other  facts  discussed  in  connection  with  this  table. 

Therefore,  if  the  main  source  of  error  is  due  to  oxygen  losses,  the  higher 
values  obtained  in  the  various  series  are  more  nearly  correct.  This  con- 
clusion has  been  accepted  as  a  working  basis  for  the  recommendations  re- 
garding choice  of  conditions  for  titration.  Indeed  such  choice  cannot 
be  far  in  error,  since  the  greatest  discrepancies  noted  under  wide  ranges 
of  conditions  is  not  over  0.2%  (not  including  errors  due  to  long  standing, 
inefficient  stirring  and  excessively  rapid  permanganate  addition  just  at 
the  end-point) . 

*  Z.  dffsnt.  Chem.,  16,  270  (19 10). 


STANDARDIZATION  OF  POTASSIUM  PBRMANGANATB  SOI^XmON.  415 

3*  Method  of  Procedure  Recommended, 

Although  it  can  be  seen  that  under  quite  varied  conditions  of  stand- 
ardization, the  values  obtained  for  the  permanganate  will  vary  less  than 
9ne  part  in  a  thousand,  it  seems  desirable  to  fix  more  definitely  the  condi- 
tions of  titration,  both  in  order  to  make  the  results  obtained  slightly  more 
precise  and  also  to  ensure  the  use  of  those  conditions  under  which  the 
difficulty  of  proper  operation  is  a  minimum.  For  this  purpose  the  fol- 
lowing detailed  method  of  operation  is  recommended: 

In  a  400  cc.  beaker  dissolve  0.25-0.3  g.  of  sodium  oxalate  in  200  to 
250  cc.  of  hot  water  (80  to  90**)  and  add  10  cc.  of  (i  :  i)  sulfuric  acid. 
Titrate  at  once  with  o.i  N  KMnO^  solution,  stirring  the  liquid  vigorously 
and  continuously.  The  permanganate  must  not  be  added  more  rapidly 
than  10-15  cc.  per  minute  and  the  last  J^-r  cc.  must  be  added  dropwise 
with  particular  care  to  allow  each  drop  to  be  fully  decolorized  before  the 
next  is  introduced.  The  excess  of  permanganate  used  to  cause  an  end- 
point  color  must  be  estimated  by  matching  the  color  in  another  beaker 
containing  the  same  bulk  of  acid  and  hot  water.  The  solution  should 
not  be  below  60*^  by  the  time  the  end-point  is  reached;  more  rapid  cool- 
ing may  be  prevented  by  allowing  the  beaker  to  stand  on  a  small  asbestos 
covered  hot  plate  during  the  titration.  The  use  of  a  small  thermometer 
as  stirring  rod  is  most  convenient  in  these  titrations,  as  the  variation 
of  temperature  is  then  easily  observed. 

4*  Accuracy  and  Precision  Attainable. 

The  agreement  of  duplicates  in  the  numerous  tables  given  above  shows 
the  precision  which  can  be  expected  in  the  use  of  sodium  oxalate  when 
the  conditions  of  titration  are  regulated.  It  appears  that  agreement  of 
duplicates  to  one  part  in  two  thousand  should  be  regularly  obtained  if 
weight  btu-ets  are  used.  Failure  to  obtain  this  precision  should  be  at 
once  taken  to  mean  that  some  condition  has  not  been  regulated  with 
sufficient  care. 

Although  the  absolute  accuracy  of  the  values  obtained  under  differ- 
ent conditions  has  not  yet  been  studied,  it  seems  probable  that  if  the 
method  recommended  is  followed  the  error  will  not  exceed  0.1%  and 
probably  will  be  less  than  0.05%. 

It  is  hoped  to  undertake  a  comparison  of  this  method  with  other  oxidi- 
metric  standards,  particularly  iron,  silver,  and  iodine,  in  order  to  check 
its  value.  However,  such  work  involves  one  imcertainty  which  renders 
the  best  results  which  could  be  obtained  probably  no  more  conclusive 
than  those  now  at  hand.  The  difficulty  is  that  of  end-points,  for  in  each 
case  mentioned  the  tmcertainty  in  the  blank  correction  required  for  an 
end-point  is  about  of  the  same  order  as  that  of  the  tmcertainty  in  the 
oxalate  values,  namely,  0.1%  (usually  equivalent  to  0.05  cc.  of  o.i  N 
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KMnOJ.     We,  therefore,  at  the  present  time,  would  assume  no  greater 
absolute  accuracy  for  the  values  obtainable  than  o.i%. 

The  author  takes  pleasure  in  acknowledging  the  kindness  of  Dr.  W.  F. 
Hillebrand  in  giving  valuable  advice  during  the  course  of  the  work  re- 
ported in  this  article. 
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Previous  papers,  fully  describing  the  system  used,  have  been  pub- 
lished in  This  Journal,  22,  478  (1900)  and  29,  936  (1907),  this  paper  be- 
ing m  the  nature  of  a  report  of  progress,  the  index  now  containing  about 
1,200,000  c^rds,  of  which  700,000  are  chemical  titles  and  names  of  sub- 
stances and  500,000  are  formula  cards.  At  the  present  time  a  force  of 
four  persons  is  at  work  in  keeping  up  to  date  with  the  bimonthly  issues 
of  the  Abstracts  of  the  Society,  which  receive  a  very  minute  treatment, 
some  of  the  half  and  quarter  page  abstracts  in  the  Organic  section  at 
times  giving  rise  to  from  50  to  200  cards  each,  as  every  substance  named 
is  carded.  Our  force,  however,  is  not  sufficient  to  do  all  that  has  been 
blocked  out  as  desirable,  and  some  work  which  we  hope  to  do  in  the  future 
is  now  in  abeyance  for  lack  of  force,  e.  g.: 

/.  Chem,  Soc.  (London)  ^  from  1907  to  date. 

Supplements  to  Richter's  "Lexikon  der  Kohlenstoff  Verbindungen." 

Remaining  volumes  of  "Beilstein." 

Wurtz's  "  Dictionnaire  de  Cbimie." 

Watts*  '* Dictionary  of  Chemistry"  (4- vol.  edition). 

And  some  other  works  which  I  will  not  take  time  to  mention,  to  say  noth- 
ing of  the  large  number  of  chemical  patents  not  yet  indexed. 

For  convenience  of  reference  I  append  a  table  showing  the  work  done 
since  1907  (for  previous  work  see  the  articles  already  published),  so  that 
any  one  caring  to  make  use  of  the  index  can  know  exactly  what  is  the 
field  covered,  which,  including  the  English  abstracts  to  1907  and  ojr  own 
to  date  with  the  exception  of  Vols,  i  and  2,  which  will  eventually  be  in- 
cluded, is  fairly  complete. 

This  index,  whUe  intended  primarily  for  the  use  of  the  office  in  the 
granting  of  chemical  patents,  is  thrown  open  to  the  general  public  with- 
out charge,  any  one  beinga  Uowed  to  consult  it  and  make  extracts  from 
it  without  pa)anent  of  fees,  and  more  than  once  advanced  students  of  our 
universities  have  greatly  lightened  their  labors  in  the  examination  of 
literature  in  preparing  their  theses,  and  its  use  by  patent  solicitors  and 
attorneys  and  chemical  engineers  in  investigating  questions  of  patenta- 
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bility,  novelty,  and  patent  validity  in  connection  with  chemical  inventions 
is  becoming  quite  frequent,  while  the  assistant  examiners  of  the  chemical 
divisions  of  the  office  make  constant  use  of  it. 

Those  wishing  to  make  use  of  it  and  unable  to  come  to  Washington  in 
person  can  easily  arrange  to  have  any  of  the  numerous  men  of  science  in 
Washington  do  so  for  them,  or  through  Prof.  C.  E.  Munroe  or  Asst.  Prof. 
0.  D.  Swett,  of  the  George  Washington  University  here,  could  probably 
arrange  to  have  such  work  done  for  them  at  moderate  charges  by  some  of 
the  chemical  students  in  that  university,  and  again  the  firm  of  Longfel- 
low and  Bitzer,  of  622  F.  Street,  N.  W.,  this  city,  is  one  of  several  firms 
of  local  typewriters  and  stenographers  who  make  a  specialty  of  making 
copies  and  extracts  fron  the  various  books  and  records  of  the  Patent 
Office. 

In  the  table  following  in  the  column  "  How  indexed,"  the  legend  '*  Page 
by  page"  means  an  inspection  of  each  page  and  an  indexing  of  all  sub- 
stances and  general  titles  mentioned;  "  Index  copied''  means  that  the  titles 
in  the  index  are  duplicated  by  t3rpewriter  on  cards;  "  Text  cut  and  pasted" 
means  that  two  copies  of  the  work  were  obtained  and  each  page  cut  up 
into  small  items  and  separately  pasted  upon  the  cards;  ''Index  cut  and 
pasted"  indicates  the  same  treatment  of  two  copies  of  the  index;  and 
"Chem.  index  copied"  means  that  the  chemical  portion  only  of  the  index 
was  so  treated. 

Publications  Indszbd  sincb  1907. 

Title  oi  jmblicatioa.  etc.  How  indexed. 

American  Association  for  Advancement  of  Science,  Reports, 

etc.,  on  Chem.  Lit.  (1884-1898) page  by  page 

American  Chemical  Journal  (Hasten,  Pa.)i  Vols.  24-36  (1900- 

1906) .■ index  copied 

American  Chemical  Society  Abstracts,  Vols.  3  and  4  (1909- 

1910) text  cut  and  pasted 

.American  Electrochemical  Society  Journal,  Vol.  2  (1902) index  copied 

Beilstein,  F.,  "Handbook  of  Organic  Chemistry,'*  Vols.  I  and 

n index  copied 

Berichie  der  deutschen  chemischen  Gesellschaft,  Vols.  31  to  33 

(1898-1900) index  cut  and  pasted 

Census,   i2(h   U.   S.     Bulletin   20i|   "Chemicals  and  Allied 

Products" text  cut  and  pasted 

CAeifiico/  News  (London),  2  Vols,  for  1900 index  copied 

Chemical  Society  (London,  Eng.),  Collective  Index  (1873-1882)  text  cut  and  pasted 

Chemical  Society  (London,  Eng.),  Collective  Index  (i 883-1 892)  text  cut  and  pasted 

Chemical  Society  (London,  Eng.),  Annual  Indexes  (i 893-1907)  text  cut  and  pasted 
Clarhe,  F.  IV.,  "Constitution  of  the  SiUcates,"  BuUeiin  125, 

Geological  Survey page  by  page 

Greenwood  Guide  to  Technical  and  Commercial  Books  (1904)  chem.  index  copied 

Journal  of  Physical  Chemistry,  Vols.  4  and  5  (1900- 1901) index  cut  and  pasted 

Merck,  Index  for  igo7 page  by  page 

Moissan,   "Traits  de   Chemie   Minerale,"   Vols.   I   and   II 

»904-'5) page  by  page 
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Publications  Indexed  since  1907  {continued). 

Title  of  publication,  etc.  How  indexed. 

Scientific  American^  "Cyc.  of  Receipts,  etc.,"  (1892)  (Chem. 

Sjm.) : page  by  page 

Society  of  Chemical  Industry,  Collective  Index  (Vols,  i  to  14) . .  text  cut  and  pasted 

Society  of  Chemical  Industry,  Vols,  i^tojg  (i  896-1900) index  cut  and  pasted 

Strecker,  A.,   "Textbook  of  Organic  Chemistry"  (1882),  pp. 

789 index  copied 
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The  decomposition  of  water  by  electrolysis,  the  union  of  hydrogen 
and  oxygen  to  form  water,  the  electrolysis  of  hydrochloric  acid,  and  other 
experiments  with  gases  may  satisfactorily  be  demonstrated  before  small 
classes  by  means  of  the  lecture  apparatus  designed  by  Hofmann  and 
others.  When,  however,  the  audience  numbers  several  htmdred,  the 
apparatus  is  too  small  to  render  the  details  of  the  experiment  clearly 
visible  in  all  parts  of  the  lecture  room. 

To  obviate  this  difficulty,  the  small  apparatus  illustrated  in  Figs. 
I  to  5  was  designed  for  the  projection  of  such  experiments.  Since  round 
glass  tubes  are  not  suited  to  projection  before  the 
lantern,  those  parts  of  the  apparatus  that  are  to  be 
projected  upon  the  screen  are  made  of  flattened 
glass  tubes  with  the  sides  as  nearly  parallel  as  pos- 
sible. The  main  tubes  of  the  apparatus  shown  in 
Figs.  I,  3  and  4  are  12  mm.  wide  and  4  mm.  thick, 
while  the  tube  C  of  Fig.  5  is  28  mm.  wide  and  14 
mm.  thick.  As  the  usual  diameter  of  the  con- 
densers of  lanterns  that  are  used  for  projection  is 
about  II  cm.,  the  height  of  that  part  of  the  ap- 
paratus that  is  to  be  projected  upon  the  screen,  for 
D  example,  from  the  stopcock  down  to  JD  in  Fig.  i,  is 

about  9  cm.  /'^    ^\ 

Fig.  I  shows  an  apparatus  designed  to  illustrate  I  ) 

the  fact  that  the  gases  liberated  when  water  is  de-  V^  ^/ 
composed  by  an  electric  current  recombine  when  the 
mixture  is  ignited  by  an  electric  spark  and  leave  no 
gas  residue.  The  tube  is  connected  with  the  level  tube  (Fig. 
2)  by  a  piece  of  small  rubber  tubing  about  25  cm.  long,  is  filled 
with  dilute  sulfuric  acid,  and  is  held  in  front  of  the  condenser 
of  the  lantern  by  a  small  clamp  that  grasps  the  tube  just  below 
the  terminals  J9.  The  lower  terminals  are  connected  with  a 
suitable  source  of  direct  current  and  the  terminals  at  C  are     pig.  2. 


Fig.  I. 
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joined  by  light  wires  to  the  poles  of  a  small  induction  coil.    The  current 
is  then  passed  across  the  lower  terminals,  and  when  the  evolved  gas  fills 

the  tube  down  nearly  to  these  ter- 
minals the  current  is  shut  off. 
Upon  passing  a  spark  between  the 
upper  terminals  C  the  hydrogen  and 
oxygen  recombine  and  the  confining 
liquid  rises  to  the  stopcock. 

To  show  that  a  residue  of  gas 
remains  after  the  explosion  if  either 
the  hydrogen  or  oxygen  be  present 
in  excess  of  the  amount  to  which 
it  is  liberated  when  the  water  is 
decomposed  by  electrolysis,  the 
tube  shown  in  Fig.  3  is  used.  The 
end  A  is  coimected  with  the  level 
tube  as  usual,  and  both  the  pro- 
jection tube  and  the  side  capillary 
tube  B  are  filled  with  dilute  sul- 
furic acid.  The  end  of  the  tube  B 
is    connected   with    an    apparatus 


Fig.  3. 


furnishing  either  hydrogen  or  oxygen.  The  current  is  then  allowed  to 
pass  across  the  terminals  at  D  until  the  tube  is  about  half  full  of  oxy- 
hydrogen  gas.  The  current  is  shut  off,  and  hydrogen  or  oxygen  is  passed 
through  B  until  the  liquid  falls  to  the  terminals  D.  After  explosion  of 
the  mixture,  a  volume  of  gas  equal  to  that  of  the  hydrogen 
or  oxygen  added  will  r^nain  in  the  tube. 

Fig.  4  shows  an  apparatus  that  may  be  used  to 
demonstrate  the  relative  volumes  of  hydrogen  and  oxy- 
gen that  are  set  free  when  water  is  electrolyzed,  or  the 
relative  volumes  of  hydrogen  and  chlorine  that  are  set 
free  when  hydrochloric  acid  is  electrolyzed.  In  the  elec-  q 
trolysis  of  acidulated  water,  terminals  of  platinum  wire 
are  used;  for  the  decomposition  of  hydrochloric  acid, 
carbon  terminals  of  the  form  shown  in  the  illustration 
are  employed.  The  level  tube  is  here  attached  to  the 
short  side-arm  A . 

Fig.  5  is  the  decomposition  tube  of  a  Hempel  nitrom- 
eter for  showing  the  formation  of  nitric  oxide  when  an 
aqueous  solution  of  sodium  nitrate  is  decomposed  by  con- 
centrated sulfuric  acid  in  the  presence  of  mercury. 

All  of  the  above  apparatus  may  be  obtained  from  Greiner  and  Fried- 
richs,  Stiitzerbach,  Germany. 
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In  the  projection  of  chemical  lecture  experiments  it  is  desirable  to  have 
the  projection  apparatus  stand  upon  the  lecture  table  where  it  may  be 

manipulated  by  the  lecturer  himself.  This  usually 
necessitates  the  projection  of  the  experiment  upon  a 
screen  placed  at  the  side  of  the  lecture  room  where  the 
images  cannot  easily  be  seen  by  students  sitting  dose 
to  the  wall  on  that  side  of  the  room.  By  means  of 
the  arrangement  shown  in  Fig.  6  the  experiments  that 
are  to  be  projected  may  be  performed  upon  the  lec- 
ture table  itself  and  the  image  reflected  by  the  mirror 
M  directly  back  upon  the  screen  5  behind  the  lec- 
I  f    \      X  turer.     The  mirror   M   is  simply  a   piece   of   heavy 

v I    o       French  mirror  about  i8  cm.  square  and  mounted  in  a 

C^^^  frame.    To  avoid  distortion  of  the  image  upon  the 

^1  screen,  the  screen  is  mounted  on  a  wooden  frame  that 

y"^  is  hinged  at  the  bottom  and  that  can  be  set  at  any 

^*^"  ^'  desired  angle  with  the  back  wall  by  cords  that  are 

fastened  to  either  edge  and  pass  through  pulleys  on  the  wall  down  to 

the  cleats  C. 

It  is  ordinarily  impossible 
to  show  to  more  than  a  very 
few  students  at  a  time  the  in- 
teresting and  instructive  ex- 
periment of  Mayer,  described 
by  J.  J.  Thompson^  and 
others,  in  which  small  mag- 
netized steel  needles,  thrust 
through  disks  of  cork  and 
floated  upon  water,  assume  in 
the  magnetic  field  configura- 
tions that  vary  as  the  number 
of  needles  is  changed.  An 
attempt  to  project  the  experi- 
ment by  throwing  the  light 
from  the  lantern  up  through 
a  glass  box  containing  water 
and  the  floating  magnets  and 
then  reflecting  the  light  upon 
the  screen  by  a  mirror,  did 
not  give  satisfactory  results 
because  the  bar  magnet  had 
to  be  placed  below  the  lower 

»  "  Electricity  and  Matter,"  Chapter  5,  p.  114.  Fig.  6. 
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mirror  or  above  the  upper  mirror  at  so  considerable  a  distance  from  the 
needles  that  they  did  not  readily  assume  the  various  groupings  described 
by  Mayer  and  did  not  readily  change  from  one  configuration  to  another. 
This  difficulty  has  been  cleverly  overcome  by  Mr.  F.  H.  Rhodes,  of  this 
laboratory,  who  uses  in  place  of  the  bar  magnet  a  solenoid  fixed  in  posi- 
tion between  the  two  mirrors  as  shown  in  Fig.  7.  The  light  from  the 
lantern  is  reflected  upward  by  the  mirror  M  through  the  solenoid  S, 
the  condenser  C,  and  a 
Leybold  glass  cell  //,  and 
is  then  thrown  upon  the 
screen  by  the  mirror  N 
and  the  objective  O. 
The  solenoid  consists  of 
three  layers  of  insulated 
No.  12  copper  wire,  30,  to 
35  turns  in  each  layer, 
wrapped  around  a  porous 
cup  from  which  the  bot- 
tom has  been  cut  off. 
The  dimensions  of  the  cylinder  D  made  from  the  porous  cup  are:  inner 
diameter,  8  cm. ;  outer  diameter,  9.5  cm. ;  and  height,  22  cm.  The  solenoid 
may  be  held  in  place  by  fastening  it  in  a  ring  attached  to  an  iron  retort 
stand.  Resting  upon  the  upper  end  of  the  porous  cup  is  the  condenser 
C  which  in  this  case  was  taken  from  another  projecting  lantern.  The 
glass  cell  H  measures  10  cm.  on  each  side  and  is  3  cm.  deep.  It  is  filled 
nearly  to  the  top  with  water  and  rests  upon  the  face  of  the  condenser 
C.    O  is  the  objective  of  the  lantern  itself. 

The  needles  are  ordinary,  small,  steel  sewing  needles  about  27  mm. 
long.  They  were  magnetized  to  as  nearly  equal  strength  as  possible 
and  were  then  thrust  through  thin  cork  disks  about  7  mm.  in  diameter 
to  such  position  that  about  two-thirds  of  the  needle  projected  below  the 
disk.  The  needles  and  corks  were  then  dipped  into  molten  paraffin. 
A  current  of  from  7  to  8  amperes  through  the  solenoid  gives  a  field  of  such 
intensity  that  the  needles  when  floated  upon  the  water  in  H  readily  as- 
sume position  and  as  readily  show  change  in  configuration  when  the  num- 
ber of  needles  is  varied. 


Fig.  7. 
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z.  Introduction. 

This  study  of  the  iodide  method  had  its  origin  in  the  necessity  for 
very  accurate  volumetric  determinations  of  the  copper  in  the  alkalin 
tartrates  from  sugar  analyses.  It  is  a  preliminary  to  an  examination 
and  improvement  of  copper  reduction  methods  of  sugar  analysis  which 
will  soon  be  published.  When  the  results  by  the  iodide  method  as  at 
first  applied  were  compared  with  electrolytic  determinations  on  the 
same  liquids  discrepancies  occurred  which  were  greater  than  the  supposed 
limits  of  error  and  whose  underlying  conditions  were  not  understood. 
Further  experiment  then  showed  that  the  iodide  method,  even  as  previously 
described,  could  give  erroneous  results  of  var3ring  and  unknown  amount, 
according  to  conditions  which  were  accidental  and  imrecognized  by  the 
operator.  An  examination  of  the  literature  also  showed  that  previous 
experiments  were  not  plaimed  advantageously  to  show  what  the  liabili- 
ties to  error  are  in  the  general  application  of  the  method.  The  special 
nature  of  the  conditions  tmder  which  acciuate  results  were  obtained  in 
test  analyses  or  the  extent  of  their  significance  was  only  partially  recog- 
nized. In  the  present  work  the  point  of  view  differs  markedly  in  that 
the  methods  and  conditions  to  be  tested  are  regarded  as  procedures 
for  obtaining  the  standard  value  of  the  thiosulfate  solution  which  meas- 
lu-es  values  ia  the  iodide  method.  The  other  point  of  view  by  which  a 
standard  value  obtained  under  certain  conditions  is  accepted  and  then  is 
inadvertently  applied  to  any  thiosulfate  readings  obscures  the  real  sen- 
sitiveness of  the  iodide  method  to  change  of  conditions.  This  leads  to 
a  false  confidence  in  the  results  which  is  enhanced  by  the  supposed  elec- 
trolytic control.  To  this  criticism  it  might  be  replied  that  an  analysis 
should  be  made  only  under  those  conditions  tmder  which  the  standard- 
ization was  made.     To  what  extent  this  is  feasible  in  view  of  the  stand- 
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ard  coaditioiis  which  must  be  duplicated  and  in  view  of  the  conditions 
presented  by  unknown  copper  solutions  to  be  estimated,  will  appear 
when  the  results  of  the  experiments  here  presented  have  been  considered. 
These  observations  seem  to  lead  rather  to  the  contrary  very  empirical 
and  inconvenient  but  logical  proposal  that  standardizations  be  made  tm- 
der  those  conditions  under  which  the  copper  in  each  specific  case  is  to  be 
measured.  This  would  lead  to  a  multiplicity  of  standard  values,  and  it 
was  considered  more  advisable  to  determia  how  one  fundamental  stand- 
ard value  could  be  used  by  the  adjustment  of  the  conditions  or  by  the 
quantitative  compensation  of  the  errors  due  to  variable  conditions. 

The  standards  of  accuracy  adopted  may  be  described  as  follows:  It 
is  assumed  that  in  general  such  well  developed  methods  of  standardiza- 
tion, e.  g.,  as  that  of  iodine  for  thiosulfate,  readily  permits  of  renewed 
standardization,  certainly  to  within  0.1%,  each  standardization  includ- 
ing not  fewer  than  foiu*  concordant  titrations.  From  this  it  follows 
that  when  the  average  values  found  by  two  different  methods  differ  by 
more  than  the  deviations  of  the  individual  titrations  from  their  respec- 
tive mean  then  some  other  factor  than  that  of  the  unavoidable  acci- 
dental errors  of  measurement  is  involved.  In  the  present  work  there  will 
be  found  sufficient  duplication  of  values  to  enable  the  reader  to  determin 
by  inspection  whether  the  differences  between  the  frequently  occurring 
averages  found  in  the  tables  are  large  enough  to  be  significant.  This  is 
a  very  important  criterion,  for  whether  a  difference  is  to  be  regarded  as 
large  or  small  primarily  depends  upon  the  sensitiveness  of  the  method. 

3.  A  Critique  of  Some  Methods  of  Standardization  of  Thiosulfate  Solutions. 

From  the  standpoint  of  economy  of  time  in  making  numerous  estima- 
tions of  copper  a  volumetric  method  must  take  precedence  over  any 
known  gravimetric  process.  The  iodide  method  of  de  Haen,*  as  subse- 
quently developed  by  numerous  analysts,  gives,  when  certain  condi- 
tions are  observed,  very  accurate  results  with  small  expenditure  of  time. 
In  this  method  the  iodine  which  is  liberated  in  equivalent  amount  from 
potassium  iodide  is  estimated  by  a  standardized  sodium  thiosulfate  solu- 
tion. The  iodide  method  is  properly  controlled,  as  will  be  shown,  by 
means  of  a  standard  copper  solution  whose  value  has  been  determined 
either  by  electrolytic  deposition  from  a  given  volume  or  by  weighing 
metallic  copper  of  known  purity  and  dissolving  it  to  volume  under  cer- 
tain conditions  made  necessary  by  the  iodide  method.  In  other  words, 
the  standardization  of  thiosulfate  to  be  used  for  the  measurement  of 
copper  can  be  correctiy  made  only  by  means  of  standard  copper  or  by 
other  methods,  if  any,  which  give  the  same  copper  value  for  the  thiosul- 
fate.   Now  some  other  methods  in  common  use  for  standardizing  the 

»  Ann.,  91,  237  (1854). 
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thiosulfate  do  not  give  the  same  value  as  copper  would,  so  that  the  actual 
copper  value  of  a  thiosulfate  solution  is  not  indicated  by  its  normality, 
if  the  latter  has  been  obtained  by  means  of,  e,  g.,  a  standard  iodine  or  a 
standard  dichromate  solution. 

Thus  Bray  and  MacKay*  observed  a  discrepancy  of  over  0.2%  between 
the  standard  values  of  the  same  thiosulfate  solution  as  found  by  stsmdard 
potassium  iodide  and  by  electrolytically  controlled  copper.  They  state 
(p.  1 199)  that  "the  conclusion  was  finally  reached  that  the  absolute  ac- 
curacy of  the  copper  standard  is  not  quite  so  high  as  we  had  at  first  sup- 
posed." I  have  also  standardized  a  thiosulfate  solution  by  the  iodide 
method  of  Bray  and  MacKay  and  have  likewise  obtained  results  discrepant 
with  the  copper  standard.  Bray  and  MacKay  suggest  that  the  failture 
of  the  copper  standardization  to  agree  with  that  by  iodine  may  be  due 
to  adsorption  or  solution  of  some  iodine  by  the  precipitated  cuprous  iodide 
with  the  result  of  too  low  a  titration  value  for  the  thiosulfate.  These 
authors  justly  regard  the  method  of  standardization  by  means  of  iodine 
as  the  one  of  highest  absolute  accuracy.  Bray  and  MacKay  (p.  11 98) 
also  standardized  thiosulfate  by  means  of  potassium  permanganate 
(which  in  ttun  had  been  standardized  against  sodium  oxalate)  and  ob- 
served a  discrepancy  of  at  least  0.15  to  o .  2c/  %  compared  with  the  iodine 
method.  The  value  obtained  for  the  thiosulfate  by  the  copper  method 
was  greater,  and  that  by  the  permanganate  method  was  lower,  than  the 
value  by  iodine.  All  these  methods  gave  resvdts  concordant  with  them- 
selves and  their  variations  from  each  other  exceed  the  limits  of  accidental 
error. 

An  illuminating  comparison  of  the  results  by  different  substances  that 
have  been  proposed  and  in  some  cases  extensively  used  for  the  purpose 
of  iodometric  standardization  is  due  to  Julius  Wagner.'  He  standard- 
ized thiosulfate  solutions  by  means  of  potassium  dichromate,  potassium 
biniodate,  potassium  iodate,  sodium  iodate,  potassimn  bromate,  sodium 
bromate,  and  he  also  determined  the  conditions  for  the  testing  and  puri- 
fication of  these  substances.  None  of  the  other  results  could  be  made  to 
agree  with  the  dichromate  standard,  and  the  latter  was  fotmd  in  error 
on  accoimt  of  the  catalytic  action  of  chromic  acid  on  the  liberation  of 
iodine  from  potassium  iodide.  The  conclusions  of  Wagner  as  they  bear 
on  the  selection  of  a  standardization  of  thiosulfate  for  absolute  accuracy 
may  be  shown  by  brief  quotations  from  the  article  cited  as  follows:  p. 
427:  "Die  Titerstellung  der  jodometrischen  L6sungen  griindet  sich  jetzt- 
wohl  allgemein  auf  die  Erzeugimg  von  Jod  in  angesauerter.  Jodkalium- 
I6sung."  p.  451:  "Praktisch  ergiebt  sich  der  Schluss  das  man  Kalium- 
bichromat  als  Mittel  zur  jodometrischen  Titerstellung  verwerfen  muss. 

*  This  Journal,  32,  1 193-1204  (1910). 

*  Z.  anorg.  Chem.,  19,  427-453  (1899). 
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Allcnfalls  kann  es  zu  Vergleichszwecken  benutzt  werden.  Am  meisten 
Empfehlung  verdient  das  Kalimnbijodat  und  denmlchst  das  Kalium- 
bromat,  weil  sie  sich  am  leichtsten  reinigen  lassea."  As  to  the  magni* 
tude  of  limits  of  error,  p.  453:  "Alle  vorstehenden  Titerstellungea  und 
Vergleiche  sind  imierhalb  einer  Fehlergrenze  von  i%o  bei  mindestens 
drd  Bestimmungen  auszufiihren."  Thus  the  only  standardizations  of 
thiosulfate  for  absolute  accuracy  are  those  which  give  the  same  value 
as  pure  iodine  would,  and  from  the  practice  standpoint  the  iodine  is  best 
obtained  from  acidified  solutions  of  iodides  and  iodates.  I  have  made 
sufficiently  numerous  determinations  which  show  that  there  is  not  agree- 
ment within  limits  of  error  between  the  iodide,  biniodate,  and  iodate 
standards  regarded  as  one  group  and  the  dichromate  and  pure  copper 
standards  as  two  other  groups.  The  values  within  the  first  group  were 
concordant.  The  question  thus  arises:  What  standardization  of  thiosid- 
fate  shall  be  used  when  copper  is  to  be  estimated  by  the  iodide  method? 
Evidently  for  this  purpose  only  the  eihpirical  value  of  the  thiosulfate 
as  determined  by  copper  of  known  purity  can  be  used.  This  principle  was 
not  recognized  by  Gooch  and  Heath'  in  their  examination  of  the  iodide 
method,  in  which  they  controlled  their  copper  solutions  electrolytically 
but  apparently  standardized  their  thiosulfate  according  to  the  customary 
systematic  normalities. 

The  facts  above  described  lead  to  important  conclusions  regarding 
the  accuracy  of  copper  analyses  which  are  especially  significant  when 
gravimetric  and  volumetric  determinations  are  compared  or  used  inter- 
changeably. In  sugar  analysis  by  copper  reduction  methods  the  choice 
of  gravimetric  or  voliunetric  determination  almost  always  lies  open, 
and  these  two  procedures  are  assumed  to  give  the  same  result  in  terms 
of  copper.  Thus,  in  the  ''Official  and  Provisional  Methods  of  Analysis 
of  the  Association  of  Official  Agricultiu-al  Chemists,"'  pp.  51-53,  are  de- 
scribed six  methods  for  the  determination  of  reduced  copper  whose  re- 
sults are  to  be  concordant  and  among  these  are  a  volumetric  (perman- 
ganate) and  electrolytic  methods.  Here  again  appears,  p.  53,  the  dis- 
crepancy between  the  empirically  determined  copper  value  of  a  standard 
solution  (here  permanganate)  and  that  calculated  from  its  S3rstematic 
normality. 

E.  Pfliiger,*  p.  436,  in  testing  the  sulfocyanide  method  for  the  volu- 
metric estimation  of  copper,  in  this  case  also  found  a  similar  discrepancy 
and  showed  that  if  the  atomic  weight  of  copper  was  taken  as  63.47 
instead  of  63.18,  as  used  by  him,  the  discrepancy  would  disappear. 
In   the   method    of    Pfluger-AUihn,^    as   described    by    Neubauer-Hup- 

'  Am.  7.  Set,,  34,  65-74  (1907)- 

•  U.  S.  Dept.  of  Agriculture,  Bur.  of  Chem.,  Bull.  107  (1907). 
'  Arch.  ges.  Phys.,  69,  399-471  (1898). 

*  Loc.  cU. 
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pert,*  pp.  411-412,  volumetric  methods  (iodide  of  de  Ha&i  and  sulfo- 
cyanide  of  Volhard)  are  even  used  as  controls  for  the  gravimetric  process 
when  the  precipitated  copper  may  be  contaminated.  Finally  the  tabu- 
lar values  of  the  numerous  published  methods  of  sugar  analysis  by  cop- 
per reduction  are  expressed  quantitatively  in  terms  of  copper.  The  im- 
portance of  proving  the  accuracy  of  any  proposed  method  for  volumetric 
copper  determinations  is  hence  evident.  The  necessity  is  still  greater 
when  a  jtxigment  is  to  be  formed  of  the  accuracy  of  any  given  tabular 
values  by  means  of  controls  with  pure  sugar  solutions.  On  account  of 
the  previously  described  discrepancies  between  different  standardiza- 
tions, this  acctu-acy  is  attainable  volumetrically  only  by  the  use  of  solu- 
tions whose  value  in  copper  has  been  obtained  empirically  and  not  cal- 
culated from  their  systematic  normality  or  equivalence.  The  cause  of 
this  discrepancy  affecting  the  equivalent  value  of  copper  solutions  has 
never  been  satisfactorily  determined.  With  the  use  of  the  modem 
atomic  weight  of  Cu  =  63.57  the  discrepancy  with  the  iodide  method 
remains  and  the  proposed  theory  of  the  absorption  of  iodine  in  this  method 
has  also  been  found  untenable  (see  pp.  446-7).  These  facts  have  been 
emphasized  here  since  accurate  volumetric  copper  determination  was 
adopted  as  the  critical  instrument  of  investigation  for  the  problem  of. 
sugar  analysis. 

3*  A  Simple  and  Rapid  Method  of  Electrolysis  of  Copper  Solutions  with  a 

Tartrate  Cyanide  Electrolyte. 

A  method  of  electrolysis  incidentally  developed  in  connection  with 
this  work  has  the  advantage  of  using  the  simplest  of  means  and  3rielding 
results  with  a  very  moderate  expenditure  of  time.  It  does  not  compete 
with  the  use  of  rotating  electrodes  but  its  simple  appliances  and  satis- 
factory results  may  make  it  usefid  in  those  cases  where  special  apparatus 
is  not  at  hand  and  particularly  for  purposes  of  control  in  sugar  anal3^s. 
No  effort  has  been  made  to  effect  electrochemical  separations  by  this 
procedure  but  simply  to  determin  copper.  In  view  of  the  fact  that  the 
preparation  of  solutions  of  copper  for  the  application  of  the  iodide  method 
is  always  more  or  less  circumstantial  a  very  simple  but  effective  method 
for  this  ptu-pose  will  also  be  described.  As  the  criticisms  of  conditions 
for  the  iodide  method  are  dependent  on  the  residts  of  electrolysis,  the 
latter  process  will  be  described  first. 

The  special  characteristics  of  this  procedure  for  electrolysis  are  primarily 
(o)  the  composition  of  the  electrolyte  used  and  consequently  (b)  the  com- 
paratively high  voltage  and  current  density  compatible  with  good  de- 
posits which  this  electrolyte  permits,  and  (c)  the  rapid  and  continuous 
mixture  of  the  liquid  by  both  the  evolution  of  gas  and  the  external  ap- 
plication of  heat  even  to  boiling.    The  attempt  to  electrolyze  the  alkalin 

^  Neubauer-Huppert,  "Analyse  des  Hams/'  Wiesbaden,  19 10. 
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tartrate  solutions  of  copper  from  sugar  analyses  led  to  the  observation 
that  tartrates  and  citrates  in  either  alkalin  or  citric  add  solution  are 
media  in  which  the  electric  current  deposits  copper  very  rapidly.  The 
observations  made  on  a  considerable  number  of  other  organic  substances 
will  not  be  reported.  The  character  of  the  deposit,  however,  is  not  good 
from  an  anal3rtical  standpoint,  exhibiting  the  sponginess,  loose  adherence, 
and  sometimes  carbonaceous  appearance  which  are  familiar  difficulties 
in  electrodeposition.  No  use  could  be  made  of  tiiis  rapid  rate  of  depo- 
sition until  it  was  discovered  that  the  addition  of  potassium  cyanide 
in  small  amount  was  a  means  of  completely  controlling  the  character 
of  the  deposit.  A  dull  metallic  or  bright  copper  color  could  be  produced 
according  to  the  amount  of  cyanide  under  the  same  cturent  density 
and  the  deposit  varied  likewise  from  sufficient  adherence  for  all  necessary 
washing  and  handling  to  a  hard  coating  that  could  not  be  rubbed  off 
with  the  finger,  even  with  pressure.  It  was  observed,  however,  that 
ftllrfttiti  cyanide  had  a  solvent  action  upon  the  deposit  and  thus  a  re- 
tarding effect  antagonistic  to  that  of  the  tartrate  and  citrate.  This  in- 
fluence made  itself  especially  felt  in  the  effort  to  deposit  the  final,  small 
portions^  of  the  copper  from  a  solution.  The  conditions  here  are  exactly 
analogous  to  those  with  nitric  acid  in  the  customary  sulfuric-nitric  elec- 
trolytes. 'In  the  present  method  a  peculiar  use  is  made  of  cyanide  in  that 
its  quantity  is  definitely  limited  to  the  least  amotmt  that  will  give  a  satis- 
factory hardness  and  color  of  deposit  tmder  a  given  set  of  conditions. 
The  amount  of  cyanide  used  is  always  less  than  is  required  to  decolorize 
the  copper  solution.  The  composition  and  use  of  the  electrol3rte  finally 
adopted  was  as  follows:  An  alkalin  tartrate  mixtture  is  made  contain- 
ing in  a  final  volume  of  loo  cc.  35  grams  of  pure  soditmi  potassium  tar- 
trate (Rochelle  salt)  and  25  grams  of  potassium  hydroxide,  purified  by 
alcohol.  This  is  almost  exactly  the  composition  of  AUihn's  alkalin 
tartrate  solution,  which  may  also  be  used.  Customarily  a  volume  of 
10  cc.  of  the  copper  solution,  which  may  be  slightly  add  or  alkalin,  is 
placed  in  dther  the  platinum  dish  or  the  glass  beaker  in  which  the  dec- 
trolysis  is  to  be  made.  An  approximately  equal  volume  of  the  alkalin 
tartrate  solution  is  then  added,  but  as  much  as  two  volumes  may  be 
used  to  one  of  the  copper  solution,  espedally  when  the  latter  contains 
some  add,  which  may  be  sulfuric  or  nitric.  For  larger  voltmies  of  dec- 
trolyte  as  for  filling  a  test  tube  used  as  cathode  vessd  the  rule  is  observed 
that  one-half  or  more  of  the  total  volume  should  consist  of  the  alkalin 
tartrate  solution.  In  this  connection  it  should  be  stated  that  when  the 
alkalin  tartrate  has  deteriorated  by  much  expostire  to  the  air  it  will 
cause  much  trouble  by  excessive  foaming.  A  saturated  aqueous  solu- 
tion of  potassium  cyanide  is  then  added  in  quantities  ranging  from  0.4 
to  I .  o  cc.  or  more,  depending  upon  the  absolute  amount  of  copper  and 
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regulated  by  the  character  of  the  deposit.  If  the  deposit  b  too  soft  or 
dark  colored  tinder  a  given  set  of  conditions  more  cyanide  is  used,  but  it 
must  be  remembered  that  too  much  cyanide  will  lengthen  the  time  re- 
quired for  complete  deposition. 

The  anode  in  all  cases  is  either  a  flat  or  a  cylindrical  spiral  of  platinum 
wire  for  use  with  a  platinum  dish  or  a  narrow  beaker,  respectively.  Its 
distance  from  the  cathode  surface  should  be  one  centimeter  or  less.  For 
cathode  a  platinum  dish  may  be  used,  which  is  set  on  a  piece  of  sheet 
brass  to  which  the  cathode  coimection  is  made.  •  The  brass  is  more  easily 
kept  clean  than  copper  sheet,  as  it  oxidizes  less  in  the  air.  This  support 
for  the  cathode  of  platinum  or  for  a  glass  beaker  is  used  so  that  the  elec- 
trol3rte  can  be  heated  by  a  small  Bunsen  flame  beneath  and  to  one  side 
of  the  vessel.  The  sheet  metal  is  carried  by  a  ring  stand  and  the  same 
stand  by  means  of  a  clamp  carries  the  anode  coil.  The  anode  is  the  only 
platinum  necessary  as  a  copper  cathode  will  also  give  accurate  results 
as  will  be  shown  subsequently.  Sheet  copper  is  cut  in  oblong  form 
with  a  long,  narrow  strip  extending  at  one  end  and  at  right  angles  to  the 
length  of  the  wider  portion  of  the  piece.  This  is  coiled  into  the  form  of  a 
cylinder  and  with  its  circumference  not  quite  closed  it  is  then  placed  in  a 
narrow  beaker  of  twice  the  height  of  the  cylinder.  The  narrow  strip  is 
bent  at  right  angles  over  the  edge  of  the  beaker  for  connectioif  with  the 
cathodic  pole.  The  beaker  here  used  had  a  capacity  of  50  cc.,  a  diam- 
eter of  3.5  cm.,  and  a  height  of  7.0  cm.  The  height  of  the  cylinder 
shotdd  be  such  that  the  volume  of  electrolyte  to  be  used  b  sufficient  to 
immerse  it  completely,  except  the  extending  strip.  To  seciure  large  cathode 
surface  with  nearness  of  electrodes  a  long  and  wide  test  tube,  e,  g.,  20  X 
2 . 5  cm.  or  larger,  is  substituted  for  the  narrow  beaker  and  the  copper 
cathode  is  cut  to  this  size  as  above  described.  The  copper  cathode 
should  be  cleaned  with  nitric  acid  followed  by  water,  Mrashed  in  alcohol 
and  ether,  dried  while  held  by  the  hand  over  a  source  of  heat,  completely 
air-cooled  and  then  weighed.  The  amotmt  of  copper  deposited  on  such 
an  electrode  is,  of  course,  found  by  taking  the  difference  between  the 
initial  and  final  weight  for  each  determination.  The  initial  weight  will 
vary  after  each  preparation  of  the  electrode  by  cleaning  with  nitric  acid, 
washing  and  drying.  It  was,  however,  necessary  to  test  whether  the  cop- 
per electrode  will  remain  of  constant  weight  like  a  platinum  cathode 
through  the  process  of  preparation,  omitting  the  acid  treatment  but  in- 
cluding washing,  drying,  exposure  to  air,  etc.,  by  which,  at  the  close  of 
electrolysis,  it  must  be  prepared  for  weighing.  Repetitions  of  this  pro- 
cedure gave  the  following  results: 

After  first  preparation  —  17.7801  grams.  After  second  preparation  -■  17.7799 
grams.  After  third  preparation  —  17.7801  grams.  After  fourth  preparation  including 
standing  in  alcohol  for  5  minutes  —  17 .  7801  grams.  After  standing  on  balance  pan  for 
J  hour  "-  17.7802  grams.    After  fifth  preparation  -■  17.7801  grams. 
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These  restilts  are  suflScient  to  show  the  constancy  of  the  copper  cathode. 
The  principal  conditions  for  acctu-acy  are  that  it  be  freshly  cleaned  imme- 
diately before  use  (even  in  immediately  succeeding  electrolyses),  that  it 
be  thoroughly  air-cooled  before  weighing,  and  that  it  be  handled  with 
the  fingers  only  at  the  edge  of  the  extending  strip.  The  same  cathode 
may  be  used  many  times,  but  it  should  be  weighed  each  time  immediately 
before  and  immediately  after  use.  If  unused  for  some  time  it  should  be 
freshly  cleaned,  washed,  heated  and  air-dried  before  renewed  use.  These 
precautions  are  important  for  accurate  restdts  with  the  copper  cathode, 
but  have  less  significance  with  platinum. 

In  all  cases  the  anode  wire  must  extend  well  out  of  the  platinum  dish 
or  the  glass  beaker  so  that  these  vessels  can  be  covered  with  split  watch 
glasses  to  prevent  loss  by  spraying.  The  ring  stand  carrying  the  whole 
apparatus  is  best  set  in  or  near  a  sink  so  that  at  the  dose  of  the  electrolysis 
the  current  can  be  interrupted  by  nmning  a  stream  of  water  from  a  rub- 
ber tubing  attached  to  the  tap  into  the  cathode  vessel  until  the  illtunina- 
tion  of  the  resistance  lamp  completely  disappears.  By  this  method  no 
solution  of  copper  can  occur.  The  cathode  is  then  prepared  for  weigh- 
ing as  before  described,  avoiding  any  heat  greater  than  that  of  warmth 
to  the  hand. 

Among  the  various  factors  upon  which  the  rate  of  electrodeposition 
depends  it  is  well  known  that  one  of  the  most  important  is  the  rapid  change' 
of  fresh  portions  of  electrolyte  upon  the  surface  of  the  electrodes.  In 
the  present  method  this  change  is  made  continuous  and  rapid  both  by  an 
abundant  evolution  of  gas  and  by  the  continuous  application  of  heat 
from  a  small  Btmsen  burner,  placed  under  the  brass  plate  and  at  some  dis- 
tance to  one  side  of  the  position  of  the  cathode  vessel.  With  the  test 
tube  arrangement  a  wire  gauze  is  interposed  between  the  test  tube  and  a 
small  Bunsen  flame  beneath.  As  previously  explained,  the  total  volume 
of  mixed  electrolyte  which  was  customarily  used  was  about  25  cc.  with 
the  platimmi  dish  or  the  beaker  and  70  cc.  with  the  test  tube.  The  capac- 
ity of  the  platinum  evaporating  dish  used  as  cathode  was  about  40  cc. 
and  its  dimensions  were  approximately  50  mm.  in  diameter  and  25  mm. 
in  depth.  The  25  cc.  of  electrolyte  covered  a  platinum  surface  of  ap- 
proximately 40  sq.  cm.  The  copper  electrode  used  for  the  beaker  was 
approximately  10  cm.  long  and  2 . 7  cm.  wide.  Three  triangular  notches 
were  cut  out  of  its  lower  edge  to  facilitate  the  passage  of  liquid,  as  the 
copper  cylinder  stood  on  the  bottom  of  the  glass  beaker.  The  total  area 
of  this  copper  cathode  was  approximately  50  sq.  cm.  The  test  tube 
cathode  of  copper  measured  15X6  cm.  when  flat. 

The  direct  no  volt  current,  the  same  as  that  of  the  lighting  system, 
was  used,  with  the  ordinary  lamp  resistance  in  circuit.  A  resistance  of 
three  thirty-two  candle-power  lamps  in  parallel  was  customarily  inter- 
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posed  in  the  circuit.  The  amount  of  current  was  sufficient  to  heat  the 
dectrolyte  and  to  give  rise  fo  an  abundant  evolution  of  gas,  by  means 
of  which  the  liquid  was  kept  well  mixed.  When  the  three  thirty- two 
candle-power  lamps  and  the  electrolyte  as  above  described  were  in  cir- 
cuit the  voltage  measured  2.6  and  the  amperage  2.85.  Thus  the  density 
NDjoo  for  the  platinum  cathode  was  1.14. 

To  test  for  the  completion  of  the  deposition  a  modification  of  the  ex- 
ceedingly delicate  hydrobromic  acid  test  for  cupric  copper  of  Bndemann 
and  Prochazka^  was  used.  One  volume  of  concentrated  sulfuric  acid 
is  diluted  with  two  to  three  volumes  of  distilled  water.  About  i  cc. 
of  this  diluted  acid  is  placed  in  a  narrow  test  tube,  a  few  crystals  of  potas- 
sium bromide  are  added  and  the  whole  is  heated  to  boiling.  If  to  the 
hot  mixture  one  drop  of  a  solution  containing  as  little  as  0.007  nig-  of 
copper  is  added,  a  red  color  will  develop.  The  color  is  best  seen  by 
placing  the  test  tube  in  the  hollow  of  a  white  porcelain  evaporating  dish 
held  by  the  observer  on  a  level  with  his  eye  while  his  back  is  turned  toward 
the  source  of  daylight.  One  or  two  drops  of  the  alkalin  electrolyte 
here  used  when  added  to  the  above  hot  hydrobromic  acid  mixture  will 
at  once  become  acidified  and  show  the  presence  of  a  very  small  amount 
of  copper.  The  electrolyte  loses  its  blue  color  as  the  electrodeposition 
proceeds  and  the  test  for  copper  should  not  be  made  tmtil  some  time 
lifter  the  liquid  has  lost  its  blue  color. 

By  the  above  method  repeated  determinations  have  been  made  on  the 
same  solution  of  pure  copper  sulfate  delivered  in  approximately  10  cc. 
volumes  by  an  automatic  pipet  of  constant  delivery  as  shown  by  weigh- 
ing repeated  deliveries  as  in  calibration.  The  results  were  often  iden- 
tical but  differed  at  most  by  only  one  or  sometimes  two-tenths  of  a  milli- 
gram of  copper  on  a  total  of  about  177  milligrams.  This  amount  was 
fully  deposited  in  less  than  thirty  minutes  with  the  platinum  dish  and 
beaker  cathodes  and  in  less  than  fifteen  minutes  with  the  test  tube  arrange- 
ment. On  account  of  the  similarity  of  composition  of  the  electrolyte 
and  of  the  alkalin  copper  solutions  much  used  for  sugar  analysis  this 
method  is  well  adapted  for  the  accurate  control  of  these  methods  by  the 
determination  of  copper. 

4*  A  Method  for  the  Preparation  of  Nitric  Acid  Solutions  of  Copper  or  of 

Its  Compounds  for  the  Iodide  Method. 

As  nitric  acid  is  the  most  available  acid  for  the  solution  of  copper 
and  of  its  compounds  for  analytical  purposes,  much  attention  has  been 
given  to  methods  for  the  removal  of  the  lower  oxides  of  nitrogen  in  prepara- 
tion for  the  iodide  method.  Evaporation  with  sulfuric  acid  nearly  to 
drjmess  and  to  the  evolution  of  white  fumes  is  a  well  known  but  incon- 
venient method.    The  preparation  of  the  nitric  acid  solution  by  boiling, 

*  E&demann  and  Prochazka,  Chem.  News^  42,  8  (1880). 
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Mowed  by  a  treatment  with  ammonia,  then  heating  again  and  then 
adding  acetic  acid  and  again  boiling,  as  described  by  Low/  pp.  84-85, 
is  most  frequently  used.  In  former  editions  Low'  included  a  treatment 
with  bromine  in  the  procedure  just  described  "to  insure  complete  de- 
struction or  removal  of  the  red  fumes."  The  last  boiling  (with  acetic 
acid,  etc.)  he  emphasizes  as  important  "as  it  effects  the  neutralization 
or  expulsion  of  any  remaining  oxidizing  compounds  that  would  cause  a 
return  of  the  blue  color  after  titration."  A  method  that  avoids  boiling 
is  due  to  Kendall,'  sodium  hypochlorite  and  phenol  with  subsequent 
neutralization  being  used.  The  very  simple  method  here  proposed 
which  serves  in  the  determination  of  unlcnown  copper  also  consists  in 
vigorously  boiling  the  nitric  acid  solution  of  copper  for  5-10  minutes 
with  a  little  ptu-e  talctun  powder  in  the  presence  or  the  absence  of  sul- 
furic acid.  It  was  observed  that  a  sulfuric-nitric  acid  solution  of  metallic 
copper,  which  had  been  freed  from  brown  fumes  by  boiling,  evolved 
an  additional  quantity  of  brown  fumes  upon  the  addition  of 
powdered  talcum  to  the  hot  liquid.  The  vigorous  ebullition  which  oc- 
curs tmder  these  conditions  greatly  accelerates  the  removal  of  lower 
oxides  of  nitrogen,  including  nitrous  acid.  No  bumping  or  spurting 
occurs.  The  copper  or  its  compound  is  dissolved  in  an  Brlenmeyer 
flask  in  the  least  required  volume  of  concentrated  nitric  acid,  to  which 
one-half  its  volume  of  water  has  been  added.  Five  to  10  cc.  of  this  di- 
luted add  should  be  used  for  0.5  g.  or  less  of  copper.  After  solution 
with  the  free  use  of  heat  until  brown  fumes  are  no  longer  apparent  to  the 
eye  15  to  25  cc.  of  distilled  water  and  a  little  pure  powdered  talcum  are 
added.  The  mixture  is  then  kept  in  vigorous  ebullition  for  five  to  ten 
minutes.  The  escaping  vapors,  when  not  too  strongly  acid,  may  be  tested 
for  nitrous  acid  with  moist  starch-iodide  filter  paper  and  the  result  of  this 
test  speedily  becomes  negative.  Ebullition  under  these  conditions  is  so 
effective  that  in  preparations  for  the  iodide  method  evaporation  need  not 
be  continued  to  dryness.  After  cooling,  enough  distilled  water  is  added 
to  make  the  volume  here  required,  including  reagents,  about  120  cc. 
at  the  end  of  titration  (see  pp.  442-6).  In  general,  a  smaller  volume 
would  be  desirable. 

This  method  has  been  subjected  to  numerous  tests,  of  which  the  fol- 
lowing show  its  accuracy.  If  the  method  is  accurate,  then  its  simplicity 
gives  it  an  advantage  over  all  other  methods.  In  one  experiment  a  sam- 
ple of  the  purest  obtainable  metallic  copper  foil  was  used,  i .  2499  grams 
were  weighed  and  treated  by  the  nitric  add-talcum  procedure,  as  above 
described,  by  adapting  the  amotmts  of  reagents  to  this  weight  of  copper. 

'  Low,  A.  A.,  "Technical  Methods  of  Ore  Analysis,*'  5th  Ed.,  New  York,  1911. 

*  Ibid.,  ist  Ed.,  1905. 

'  This  Journal,  33,  1947-1952  (191 1). 


432  AMOS  W.   PETBRS. 

The  solution  was  then  made  to  a  volume  of  loo  cc.  and  placed  in  a  cali- 
brated buret.  Electrolysis  by  the  method  previously  described  gave 
for  two  determinations  on  lo  cc.  each,  125.0  and  125.0  mg.  of  copper. 
Three  titrations  of  this  same  solution  of  10  cc.  each  were  made  by  the 
iodide  method  as  subsequently  described  by  means  of  a  thiosulfate  solu- 
tion, whose  standard  copper  value  was  to  be  determined  in  this  way. 
The  thiosulfate  volumes  thus  fotmd  were  9.85,  9.85,  and  9.87  cc,  L  e., 

an  average  of  9 .  86  cc.  Hence,  — ^ — rr-  =  12 .  676  mg.  Cu.  per  cc.  of  thio- 
sulfate. To  test  the  consistency  of  the  method  two  independent  titra- 
tions on  amounts  of  copper  appropriate  fen-  one  titration  each  were  made 
with  the  same  thiosulfate.  Weights  of  copper  of  0.3268  and  0.3252 
g.  required  25.76  and  25.63  cc.  of  thiosulfate.  These  titrations  gave 
standard  values  of  the  thiosulfate  as  12.686  and  12.688  mg.  Cu  per  cc., 
respectively,  which  is  good  agreement  with  the  previous  results.  The 
same  thiosulfate  was  now  standardized  by  means  of  Kahlbaum's  purest 
analyzed  copper  sulfate  of  the  brand  *'Zur  Analyse  mit  Garantieschein'* 
described  as  containing  in  10  grams  o. 75  mg.  of  iron  oxide  and  i  .50  mg. 
of  alkali  salts,  etc.,  and  no  other  metals.  An  aqueous  solution  was  made 
in  the  proportions  required  for  Pehling's  solution  and  placed  in  a  cali- 
brated buret.  Electrolysis  on  two  samples  of  10  cc.  each  by  the  method 
previously  described  gave  175.6  and  175.6  mg.  of  copper.  Two 
titrations  by  the  iodide  method  were  made  as  subsequently  described  on 
20  cc.  each  of  this  copper  solution,  requiring  27.71  and  27.70  oc.,  respec- 

17s  .6X2 

tively,  of  the  above  thiosulfate  solution.     These  values  give  — — = 

27.71 

I7S  . 6  X  2 

12.674  and =  12.679  nig.  Cu  per  cc.  of  thiosulfate.    These 

27.70  /^  O  XT 

values  obtained  on  pure  copper  sulfate  without  the  nitric  acid-talcum 
procedure  compare  well  with  the  above  values  obtained  by  means  of  that 
procedure.  This  procedm-e  was  now  applied  to  two  20  cc.  portions  of 
this  same  copper  sulfate  solution  by  the  addition  of  nitric  add  containing 
nitrous  acid  for  the  piupose  of  determining  whether  the  process  itself 
would  leave  the  above  values  imaltered.  The  titration  results  were  again 
27.71  and  27.70  cc.  From  all  these  results  it  follows  that  the  nitric 
acid-talcum  procedure  efifectivdy  removes  all  the  decomposition  products 
of  nitric  acid  that  wotild  interfere  with  the  accuracy  of  the  iodide  method. 
It  was  now  shown  that  the  method  of  Low,  involving  the  additional  use 
of  ammonia  and  acetic  acid,  gave  no  different  results  than  the  above 
when  applied  to  the  same  metallic  copper,  copper  sulfate,  and  thiosul- 
fate. By  the  metallic  copper  the  standard  value  of  the  thiosulfate  was 
found  by  Low's  method  as  12.699,  12.679  and  12.700  mg.  of  Cu  per 
cc,  t.  ^.,  an  average  of  12 .693.     On  the  copper  sulfate  solution  the  titra- 
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tion  results  with  Low's  method  were  27.72,  27.71,  27.70  cc.  of  thiosul- 

I7S  .6X2 

fate,  t.  e.,  an  average  of  27.71,  which  gives  '- =  12.674  ^^'  Cu 

27.71 

per  cc.  of  thiosulfate.     The  average  of  all  the  results  by  Low's  method 

is  12.683  ^^d  ^^t  by  the  nitric  acid- talcum  method  is  12.681. 

In  view  of  the  above  comparisons  of  results  the  following  criticisms 
appear  to  be  justified.  The  efficiency  of  both  of  these  methods  is  due  to 
the  same  cause,  which  is  simply  the  boiling  process.  In  other  words,  the 
ammonia  and  acetic  acid  treatments  in  the  Low  ihethod  are  superfluous 
for  the  purpose  of  removing  nitrous  acid,  although  they  may  facilitate 
evaporation  by  boiling.  It  may  be  noted  here  that  Low  has  now  found 
it  feasible  to  omit  the  bromine  formerly  constituting  an  additional  re- 
agent of  this  method.  The  reasons  given  by  Low  for  the  use  of  these 
reagents  have  been  quoted  above. 

The  method  of  Kendall'  is  more  complicated  than  either  of 
the  methods  above  discussed  and  involves  the  accumulation  of  salts  in 
the  titration  liquid.  As  is  shown  subsequently  in  this  paper,  the  results 
by  the  iodide  method  under  these  conditions  may  easily  deviate  from 
the  highest  standard  of  accuracy  (see  pp.  434,  438).  The  plan 
of  the  test  analyses  of  Kendall  would  not  result  in  positive  evidence  on 
this  question.  Whether  the  concentration  of  the  salts  by  this  method 
is  sufficient  to  affect  the  results  was  not  tested  but  seems  worthy  of  con- 
sideration, in  view  of  the  other  data  here  developed. 

5.  The  Conditions  for  the  Standardization  of  Thiosulfate  Solutions  by 

means  of  Copper  and  of  Iodine  and  the  Application  of  the  Iodide 

Method  to  Alkaline  Tartrate  Solutions  from  Sugar  Analyses. 

(i)  Introduction, — ^The  most  accurate  of  all  methods  for  the  estimation 
of  copper  is  admittedly  the  electrolytic.  For  accuracy,  with  the  advan- 
tages of  simplicity  and  speed,  no  other  method  is  as  good  as  the  iodide. 
The  extensive  use  of  the  latter  method  for  both  scientific  and  technical 
purposes  gives  value  to  any  additional  determination  pf  its  conditions 
of  acciu-acy.  Owing  to  the  fact  that  this  method  depends  upon  the  fol- 
lowing well  known  equilibrium  reaction,  2CUSO4  -f  4KI  — ►  2K2SO4  -f 
CUjI,  -f  Ij,  it  seems  necessary  to  judge  from  this  standpoint  the  applica- 
tion of  the  method  to  any  concrete  case.  Whether  the  results  obtained 
by  the  iodide  method  represent  the  copper  with  quantitative  accuracy 
depends  wholly  upon  the  observance  of  conditions  which  are  somewhat 
narrowly  defined  for  concrete  cases.  This  circumstance  explains  why 
the  history  of  the  method  shows  authoritative  analysts  among  both  its 
advocates  and  its  opponents.  These  conditions,  except  certain  details 
that  need  emphasis,  have  been  much  studied,  so  that  fiulher  investiga- 
tion is  in  danger  of  dealing  with  repetitions.     Therefore  the  substance 

»  Loc.cU. 
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of  the  propositions  here  to  be  demonstrated  will  be  at  once  stated  as  fol- 
lows: 

A.  There  is  an  irreconcilable  difference  with  the  use  of  well  known 
methods  between  the  standard  values  of  a  thiosulfate  solution  as  deter- 
mined by  standard  iodine  (e.  g.,  from  potassium  iodate,  etc.)  and  by 
means  of  pture  copper.  This  differencev  when  at  a  minimum,  is  several 
times  as  great  as  the  limits  of  error  of  each  method  of  standardization  by 
itself.  For  accurate  copper  determination  the  copper  standardization 
alone  can  be  used  and  this  only  when  determined  under  proved  condi- 
tions. 

B.  The  necessity  under  the  conditions  of  most  frequent  occurrence 
for  a  definitely  regulated  concentration  of  acid  in  order  to  attain  the 
highest  accuracy  and  consistency  with  the  iodide  method  will  be  shown. 
This  condition  has  not  been  suflSciently  recognized  by  some  investigators 
of  the  method  and  has  been  denied  by  others.  For  the  frequently  oc- 
curring practical  cases  where  acids  and  salts  are  present,  which  latter 
depress  the  ionization  of  the  add,  the  influence  of  this  condition  becomes 
of  critical  importance.  This  is  especially  the  case  in  the  determina- 
tion of  copper  in  the  filtrates  from  such  analytical  processes  as  sugar 
reduction  methods.  The  influence  of  salts  on  the  reaction  by  which 
iodine  is  developed  has  not  been  heretofore  recognized. 

C.  The  equilibrium  reaction  above  given,  upon  which  the  iodide  method 
depends,  is  much  influenced  by  changes  of  temperature  so  that  percep- 
tibly more  free  iodine  will  be  developed  at  30°  than  at  15**.  Since,  for 
reasons  of  expediency,  sulfuric  add  more  or  less  concentrated  is  used, 
this  error,  designated  as  the  "temperature  error,"  may  easily  occiu*  on 
accotmt  of  insufficient  or  of  excessive  cooling.  Recognition  of  this  source 
of  error  leads  to  its  easy  prevention  and  the  details  of  experiments  made 
on  this  point  will  therefore  not  be  presented. 

D.  The  opinion  of  many,  e.  g.,  Kendall,^  p.  1949,  that  this  equilibrium 
reaction  runs  to  completion  only  in  small  volumes  and  that  consequently 
small  volumes  for  titration  are  necessary  for  accurate  results  with  the 
iodide  method  is  erroneous.  The  logically  related  statement  of  Moser,* 
p.  597  and  others,  that  the  results  of  the  iodide  method  are  influenced 
by  the  concentration  of  the  copper  in  the  titration  liquid  is  also  erroneous. 
For  our  present  knowledge  of  other  factors  the  experiments  of  Moser* 
P-  598*  are  incondusive.  It  will  be  shown  that  the  iodide  method 
is  exceedingly  accurate  with  quite  large  as  well  as  quite  small  amounts 
of  copper,  provided  its  conditions  are  regulated.  The  estimations  of 
larger  and  smaller  amounts  are  strictly  proportional  even  when  titrated 
in  the  same  volume. 

»  This  Journal,  33,  1947-1952  (191 1) 
*  Z.  anal.  Chem.,  43,  597-608  (1904). 
'  Loc.cU. 
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E.  The  theory  was  suggested  by  Bray  and  MacKay,*  p.  1199,  that  the 
discrepancy  between  iodide  and  copper  standardizations  described  above 
under  A  is  due  to  absorption  of  iodine  by  solid  cuprous  iodide.  Meidinger 
and  Carl  Mohr^  showed  the  possibility  of  such  absorption.  Since  the  ab- 
sorption might  vary  under  different  conditions  of  dilution,  etc.,  its  oc- 
currence has  been  regarded  as  a  source  of  error.  The  theory  of  absorp- 
tion as  a  source  of  error  or  as  an  explanation  of  the  discrepancy  of^  stand- 
ards is  not  tenable.  This  will  be  shown  by  determinations  in  which  the 
cuprous  iodide  enters  wholly  into  solution  before  titration. 

F.  The  iodide  method  is  a  procedure  of  empirical  character  from  the 
standpoint  of  its  conditions  of  accuracy.  The  easy  variability  of  its 
results  by  adds,  salts,  temperature,  and  by  the  application  of  the  same 
standard  value  of  thiosulfate  to  different  conditions  of  titration  are  not 
recognized  in  practice.  In  these  experiments  it  will  be  shown  how  these 
factors  can  be  either  adjusted  to  accuracy  or  can  be  quantitatively  com- 
pensated. 

(2)  The  Standard  Copper  Solution  and  its  Measurement, — ^A  critical 
estimation  of  any  given  procedtu-e  for  the  iodide  method  is  best  obtained 
by  attempting  to  standardize  the  thiosulfate  by  the  same  procedtu-e 
and  by  comparing  the  quantitative  results  of  different  procedures  and  of 
different  methods  of  standardization.  All  the  conditions  necessary  for 
subsequent  analyses  may  thus  be  determined. 

Standard  copper  solutions  which  were  to  be  used  for  the  determination 
of  conditions  for  the  iodide  method  were  prepared  by  two  different  pro- 
cedures, which  gave  the  same  quantitative  results.  The  first  and  pre- 
ferred method  consisted  in  dissolving  the  purest  crystallized  copper 
sulfate  obtainable  to  an  approximately  known  concentration.  The  ex- 
act concentration  of  the  element  copper  cannot  be  calculated  with  relia- 
bility by  the  formula  CuSO^.sHjO.  Niunerous  experiences  in  making 
Fehling's  copper  sulfate  solution  from  the  purest  as  well  as  the  conmier- 
dal  salt  led  to  this  conclusion.  The  results  were  always  low  to  the  ex- 
tent of  a  considerable  fraction  of  1%,  even  when  the  salt  was  pulverized 
and  well  air-dried  on  filter  paper.  Drying  by  other  means  is  not  per- 
missible. Thus  a  solution  made  from  the  purest  obtainable  crystallized 
copper  sulfate,  which  was  specially  prepared  for  analytical  purposes, 
when  pulverized,  air-dried,  weighed  and  made  into  solution  and  electro- 
lyzed,  was  foimd  to  contain  0.51%  less  than  the  calculated  amount  of 
metallic  copper.  The  low  result  was  due  presumably  to  persistently 
adherent  moisture.  The  standard  value  of  the  solutions  of  ptu-e  copper 
sulfate  here  used  was  therefore  determined  electrolytically  as  previously 
described.     The  second  method  consisted  in  the  solution  by  nitric  acid 

*  This  Journal,  33,  1193-1204  (19 10). 

'  Mohr-Classen,  "Titriermethode,"  7  Aufl.,  S.  350  (1896). 
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and  by  the  procedure  previously  described  of  the  purest  metallic  copper 
obtainable  and  then  making  a  control  determination  of  copper  by  elec- 
trolysis. 

For  obtaining  known  quantities  of  copper  there  was  used  a  constant 
volume  of  copper  solution  taben  from  an  automatic  pipet  of  approxi- 
mately lo  cc.  delivery.  This  and  other  pipets  of  the  same  construc- 
tion were  obtained  from  Bleckmann  &  Biu-ger,  Berlin,  and  were  described 
as  **genau  justirt."  The  exact  volume  delivered  was  not  of  consequence 
for  the  present  purpose,  but  its  reliability  for  delivering  a  constant  vol- 
ume of  copper  solution  was  very  important.  The  use  of  this  apparatus 
was  found  highly  advantageous  from  both  standpoints  of  accuracy  and 
of  economy  of  time.  Its  constancy  had  been  tested  at  various  times 
with  very  satisfactory  results  by  weighing  the  quantity  of  liquid  deliv- 
ered. Two  successive  deliveries  of  the  stock  solution  of  copper  sulfate 
used  below  weighed,  respectively,  9.4123  and  9.4124  grams. 

The  reservoir  of  this  pipet  contained  about  one  liter  of  solution  and 
a  thermometer  was  kept  in  the  liquid  showing  a  temperature  of  25** 
when  the  above  deliveries  were  made.  Two  successive  electroljrtic  de- 
terminations made  with  the  tartrate-cyanide  electrolyte  on  a  platinum 
dish  cathode  gave  176.9  mg.  and  176.9  mg.,  respectively,  of  copper. 
No  copper  determinable  by  the  hydrobromic  acid  test  remained  in  solu- 
tion. For  the  following  experiments  we  have  hence  relied  upon  the 
pipet  to  deliver  176.9  mg.  of  copper'  so  long  as  the  temperature  of  the 
liquid  remained  constant.  The  ten  liters  of  stock  solution  from  which 
the  automatic  pipet  was  periodically  filled  was  regarded  as  the  stand- 
ardized copper  solution.  It  was  made  from  the  purest  ptu-chasable, 
guaranteed  and  analyzed  copper  sulfate,  dissolved  in  pure  distilled  water. 

(5)  The  Standardization  of  ThiostUfate  by  Iodine  from  Potassium  lodate. 
— ^For  the  iodometric  standardization  of  thiosulfate  there  is  here  selected, 
in  accordance  with  preceding  discussion  (pp.  423-5)  of  this  subject,  one  of 
the  methods  in  which  iodine  is  liberated  from  an  acidified  solution  of 
iodide  and  iodate.  Repeated  determinations  made  in  an  earlier  stage  of 
this  work  gave  concordant  results  with  the  methods  that  use  (a)  resub- 
limed  iodine,  (6)  pure  potassium  iodide  and  iodate  in  acetic  acid  solu- 
tion, (c)  the  iodide  method  of  Bray  and  MacKay.*'  I  abstained 
from  the  use  of  biniodate  upon  finding  that  the  determined  acidity  of  a 
supposed  pure  specimen  was  discrepant  with  that  which  is  calculated 
from  its  formula,  KIOj.HIO,.^  The  standardizations  described  below 
were  made  by  the  use  of  potassimn  iodide  and  iodate  in  acetic  acid  solu- 
tion.    For  the  purpose  of  comparison  with  the  conditions  of  copper  stand- 

»  Loc,  cit. 

•  Krauch,  C,  "The  Testing  of  Chemical  Reagents  for  Purity,"  3rd  Ed.,  New  York, 
1902.    See  p.  219. 
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ardization  some  results  obtained  mth  sulfuric  acid  are  also  given.  Potas- 
sium iodate,  Merck's  Blue  Label  Reagent  and  Kahlbaum's  ptu'est  potas- 
sium iodide  were  used.  Their  degree  of  purity  and  fitness  for  the 
purpose  here  used  can  be  judged  from  the  following  experiment:  Pure 
distilled  water  was  boiled  and  while  still  warm  oystallized  iodide  and 
iodate  were  added  and  dissolved.  After  15  minutes  in  bright  diffuse 
daylight  a  tinge  of  color  due  to  free  iodine  had  developed,  but  so  slight 
as  to  be  beyond  titrimetric  measurement  with  ordinary  concentrations. 
After  30  minutes,  the  color  still  being  very  pale,  solution  of  soluble  starch 
was  added.  It  was  then  found  that  one  drop  of  a  thiosulfate  solution 
of  approximately  0.07  N  was  in  excess  of  the  amount  needed  to  discharge 
the  blue  color.  The  mixttu-e  stood,  still  colorless,  for  seven  hours  from 
the  first  mixture  of  the  salts. 


No. 


Tablb  I. — Standardization  of  Thiosui^fate  by  Iodats. 

Ni^sO.. 


1 20.90 

2 20.92 

3 20.93 

4 20.87 

5 - 20.93 

6 20.92 

7 20.92 

8 20.89 

9 20.88 

10 20.93 

II 

12 

13 

H 

15 

16 


*  20.91 


17 21.05 

18 20.90 

19 20.92 


20.91 


20.91 


21.01 


21.05 


Cone  acetic. 
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Cc 
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10 
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60 

10 

2.8 
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4 

10 

2.8 

63 

10 

2.8 

60 

10 

2.8 

60 

10 

2.8 

61 
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2.8 

63 

I  ^ 

2.8 

63 
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2.8 

63 

/    3 

2.8 

63 

Cone.  HaS04. 

J  • 

2.8 

65 

I  ' 

2.8 

65 

I 

2.8 

65 

'2 

2.8 

61 

2 

2.8 

61 

2 

2.8 

.61 

2 

2.8 

61 

Coni 

c.  acetic. 

20.91 


10 


5-5 


60 


A  large  stock  solution  of  thiosulfate,  approximately  0.2  iV,  had  been 
prepared  about  one  week  when  the  following  standardizations  were 
made:  Calibrated  burets  were  used,  deliveries  being  made  according 
to  the  time  and  manner  specified  by  the  German  Imperial  Commission.^ 
All  solutions,  however,  were  used  at  the  same  room  temperatiu'e  which 
introduces  no  error  into  the  comparative  values  on  the  iodometric  and 

^  Schloesser,  W.,  "Beitr^ge  zur  PrQfung  maasanal3rtisdien  Messger&te."  Z.  anal. 
Chem.,  46,  392-414  (1907)  and  references.  Also  various  reports  of  the  German  Im- 
perial Commission  in  Z.  angcw.  Chem.,  1893,  p.  557;  1897,  p.  643;  1904,  p.  1746.  Also 
Schlocsaer,  Ibid.,  XQ03,  p.  9S3ff. 
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the  copper  standards.  The  potassium  iodate  was  dried  in  an  oven,  cooled 
in  a  desiccator  and  a  weight  of  14.8302  g.  was  dissolved  to  a  volume 
of  two  liters.  This  standard  solution  had  therefore  a  value  of  0.20786 
N,  From  this  solution,  in  a  buret,  20  cc.  volumes  were  delivered 
into  200  cc.  Erlenmeyer  flasks.  Distilled  water  20  cc,  concentrated 
acetic  acid  10  cc,  and  then  crystallized  potassium  iodide  about  2.8  g. 
were  added  in  the  order  named.  The  free  iodine  was  titrated  with  the 
thiosulfate,  using  soluble  starch  indicator  at  the  end.  Experiments  with 
sulfuric  acid  were  also  made  on  the  same  plan  as  with  acetic  The  re- 
sults are  tabtilated  in  Table  I. 

The  accuracy  and  consistency  of  the  data  obtained  with  acetic  acid 
are  highly  satisfactory.     Since  the  normality  of  the  potassium  iodate 

20 .00 
solution  was  0.20786  that  of  the  thiosulfate    =    — '■ —  X  0.20786  = 

20.91 

o.  19880 N.     Since  a  normal  solution  of  copper  is  equivalent  to  63.57 

grams  per  liter,  the  value  of  the  thiosulfate  solution  in  terms  of  copper, 

20.00 
calcukUed  according  to  the  theory  of  normalities    =    X  0.20786   X 

63  •  57  =  12 .  633  grams  of  Cu  per  liter,  t.  e.,  the  standard  value  of  the  thio- 
stdfate  is  12.633  mg.  of  copper  per  cubic  centimeter.  This  value  is  at- 
tended by  a  very  small  limit  of  error,  as  shown  by  the  deviations  from 
the  mean  and  is  at  least  0.6%  less  than  the  lowest  values  calculated 
from  the  copper  standardizations  given  below. 

With  reference  to  the  conditions  of  this  standardization  it  should  be 
noted  that  these  were  the  same  for  all  the  titrations  except  the  acidity. 
Acetic  acid  permits  of  a  wide  range  in  the  amount  of  acid  present  with- 
out variation  in  the  results.  Sulfuric  acid  causes  the  liberation  of  more 
iodine  as  the  concentration  of  acid  increases.  Since  its  concentration 
markedly  influences  the  results  it  is  evidently  not  as  well  adapted  to  this 
purpose  as  acetic  Ftu-thermore,  the  titration  results  with  acetic  acid 
are  lower  and  consequently  it  gives  a  higher  normality  than  would  sul- 
furic acid.  If  the  values  with  the  latter  acid  were  adopted  the  copper 
value  of  the  thiostdf ate  as  determined  by  iodine  (from  iodate)  wotdd 
differ  still  more  than  has  been  above  stated  from  the  copper  value  as  de- 
termined by  means  of  copper. 

(4)  The  Influence  of  the  Concentration  of  Acids  and  of  Salts  on  the  Re- 
stUts  of  the  Iodide  Method. — Before  making  direct  experiments  on  the 
standardization  of  thiosulfate  by  copper,  the  results  of  the  following  ex- 
periments will  be  given  which  show  the  influence,  not  simply  of  acid 
but  of  an  excess  of  acid  adjusted  to  the  conditions  if  correct  results  are 
to  be  obtained  by  the  iodide  method.  This  influence  is  especially  evi- 
dent in  solutions  which  contain  a  quantity  of  ionizing  salts  and  particu- 
larly in  the  neutralized  alkalin   tartrate  solutions  or  filtrates  occurring 
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in  sugar  analysis.  This  is  espedally  the  place  where  the  iodide  method 
should  serve  on  account  of  its  possibilities  of  accuracy  and  rapidity. 
Moreover,  since  Gooch  and  Heath ^  set  a  maximum  limit  of  about  0.3 
g.  of  copper  for  a  titration  under  the  conditions  which  they  investigated 
it  was  important  to  determin  whether  the  method  could  be  extended 
with  accuracy  to  the  larger  amounts  which  occur  in  some  methods  of 
sugar  analysis. 

In  a  method  of  sugar  analysis  here  tested,  a  published  report  of  which 
will  shortly  follow,  the  total  volume  for  reduction  was  always  60  cc. 
This  consisted  of  20  cc.  of  Allihn's  alkalin  tartrate  solution  +  20  cc. 
of  Fehling's  copper  stdfate  solution  +  20  cc.  either  of  water  as  in  a  blank 
determination  or  of  an  aqueous  sugar  solution.  After  reduction  with 
sugar  (imder  conditions  subsequently  to  be  described)  the  mixture,  while 
still  quite  hot,  is  filtered  free  from  cuprous  oxide  through  a  suitable 
filter.  After  washing,  the  filtrate  (alkalin  copper  solution)  has  a  volume 
of  70-75  cc. 

The  question  of  how  to  acidify  this  solution  properly  for  the  iodide 
method  was  approached  through  the  following  preliminary  tests  on  the 
degree  of  acidity.  To  20  cc.  of  the  alkalin  tartrate  solution  were  added 
40  cc.  of  water  and  some  phenolphthalein.  Concentrated  sulfuric  acid 
was  added  by  drops  from  a  graduated  pipet.  With  2 .  65  cc.  of  acid 
the  solution  became  acid  to  phenolphthalein,  but  was  neutral  to  litmus. 
With  2 .  75  cc.  distinct  acidity  to  litmus  occurred.  In  another  test  with 
methyl  orange,  acidity  occurred  with  3.35  cc.  These  data  indicate,  of 
course,  the  conversion  of  alkali  to  acid  salt  shown  by  phenolphthalein 
and  litmus  with  2.75  cc.  of  acid  and  to  neutral  salt  shown  by  methyl 
orange  with  3.35  cc.  of  acid.  They  afford  an  excellent  basis  for  testing 
the  influence  of  acids  and  salts  upon  the  results  of  copper  measurement 
by  the  iodide  method,  since  they  exhibit  gradual  variations  of  both  con- 
stituents. The  70-75  cc.  of  alkalin  tartrate  and  copper  above  described 
were  now  treated  in  separate  samples  with  2.7,  3.0,  3.4,  4.0,  and  5.0 
cc.  of  concentrated  sulfuric  acid.  With  the  temperature  of  these  liquids 
at  approximately  20^,  10  cc.  of  a  sattu'ated  solution  of  potassium 
iodide  were  added  and  then  they  were  titrated  with  the  same  stock  of 
sodium  thiosulfate.  With  2 . 7  cc.  of  acid  the  evolution  of  iodine  was  im- 
perfect and  the  mixtm-e  became  of  a  dirty  green  color.  The  end-point 
was  so  slow  and  uncertain  as  to  be  practically  useless  for  accuracy.  Both 
with  2.7  cc.  and  with  3.0  cc.  of  acid  the  annoying  phenomenon  of  false 
end-points  occurred  frequently  before  the  final  and  slowly  obtained  end- 
point  was  reached.  Evidently  simple  acidity  to  litmus  is  not  sufficient 
for  accuracy  when  a  quantity  of  salts  is  present.  It  may  be  noted  in 
passing  that  with  less  than  2.45  cc.  of  acid  there  was  a  considerable 

•  Loc.  cit.,  p.  74. 
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precipitation  of  salts  upon  cooling,  which  ceased  to  occur  with  4.0  and 
5.0  cc.  of  acid.  With  additions  of  3.45  cc.  or  more  of  acid  the  evolu- 
tion of  iodine  was  always  good  and  the  end-point  very  sharp,  as  the  close 
agreement  of  duplicates  in  the  following  table  shows: 

Tablb  II. — Influbncb  of  Acid   on   the  Results  by  the  Iodide  Method  in  the 

Presence  of  Much  Tartrate  and  Sulfate. 


Cone  H9SO4. 
Cc. 


3 
3 
3 
3 


Add/Vol. 

1/40 
1/40 
1/40 
1/40 


NasSaOs.        Cone.  HsSO«. 
Cc.  Cc. 


27.60 
27.41 

27.34 
27.35 


4 
4 
4 


Add/Vol. 

1/30 

x/30 
1/30 


KaiSaOi. 
Cc. 

27.85 

27.85 
27.84 


3.45 
3-45 
3-45 
3-45 


Average, 

27.40 

1/29 

27.87 

5 

1/29 

27.82 

5 

1/29 

27.73 

5 

1/29 

27.69 

Average,     27.85 


1/24 
1/24 
1/24 


27.92 

27.94 
27.92 


Average,     27.78 


Average,     27.93 


It  is  highly  important  that  the  reagents  be  mixed  in  the  order  above 
mentioned,  especially  that  the  concentrated  acid  be  not  added  until  the 
dilution  with  the  amount  of  water  to  be  used  has  been  made.  Salts  are 
thus  held  in  solution  which  would  otherwise  precipitate,  thus  causing 
different  or  irregular  titration  values  dependent  on  salt  concentration, 
as  shown  in  Table  III.  The  results  will  also  be  different  if  the  potassium 
iodide  be  first  added  to  the  alkalin  liquid  and  the  acid  subsequentiy, 
even  though  the  acid  is  previously  diluted.  It  should  also  be  noted  that 
such  conditions  are  sought  as  will  bring  the  reaction  to  a  close  quickly, 
so  that  titration  may  follow  at  once  after  the  addition  of  potassium 
iodide  and  thorough  mixing. 

In  the  experiments  recorded  in  the  following  table  the  volume  at  the 
end  of  titration  was  always  approximately  120  cc.  and  10  cc.  of  saturated 
solution  of  pure  potassium  iodide  were  tmiformly  used.  Each  titration 
also  was  made  on  two  deliveries  of  the  electrolytically  standardized  solu- 
tion of  copper  sulfate  taken  by  means  of  two  deliveries  of  the  automatic 
pipet. 

The  data  above  tabtilated  show  clearly  that  the  values  obtained  by  the 
iodide  method  are  easily  influenced  by  the  amotmt  of  acidity  or  of  a  salt 
in  which  the  evolution  of  iodine  occurs.  The  potassium  iodide  here  used 
was  the  same  as  that  which  was  tested  as  described  on  p.  437.  If  a  way 
cannot  be  found  of  using  the  iodide  method  satisfactorily  with  this  high 
grade  of  reagents  then  the  method  must  be  pronounced  impracticable 
where    accuracy    is   required.     However,    impurity    of   reagents    would 
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scarcely  account  for  the  gradation  of  results  shown  by  the  table.  There 
is  a  discrepancy  of  4  parts  in  279,  or  about  i  .4%  between  the  highest 
and  lowest  values.  Even  if  we  start  from  the  methyl  orange  neutral 
point  at  about  3.35  cc.  of  acid  there  is  an  increase  in  the  evolution  of 
iodine  with  increasing  acidity.  Now  by  electrolytic  determination  each 
of  the  analyses  of  this  table  represents  two  deliveries  of  176.9  milli- 
grams of  copper  =  353.8  milligrams  of  copper.  The  question  arises, 
which  of  these  averages,  if  any,  correctly  represents  the  copper,  or  vice 
versa,  if  the  thiosulfate  were  to  be  standardized  for  the  measurement 
of  copper,  which  of  these  averages  should  be  used  as  a  divisor  for  the 
353.8  milligrams  of  copper.  Evidently  there  is  need  of  a  criterion  by 
which  to  judge  not  only  of  the  accuracy  of  the  standardization  in  the 
iodide  method  but  also  of  the  accuracy  of  its  indications  in  those  numer- 
ous cases  where  varying  acidity  and  salt  content  occur. 

In  order  to  test  further  the  influence  of  salts  a  series  of  experiments 
was  made  in  which  slightly  more  of  a  given  salt  than  would  dissolve  was 
added  to  each  titration  liquid  after  acidification.  The  only  exception  is 
ammonium  nitrate,  of  which  4  grams  were  used  in  a  final  volume  of  120 
cc.  Potassium  iodide  was  then  added  (temperature  about  20*^)  and  titra- 
tion followed.  These  were  estimations  of  pure  solutions  of  copper  with- 
out the  presence  of  the  alkali  or  the  tartrate  of  the  preceding  series.  The 
acidities  were  such  as  succeeding  data  discussed  on  pp.  442?.  will  show  to 
be  capable  of  giving  correct  results  on  pure  solutions  of  copper  when  these 
salts  are  absent.  Two  deliveries  of  copper  sulfate  from  the  automatic 
pipet  =  2  X  176.9  =  353.8  mg.  of  copper  were  used  in  each  titration. 
The  ratio  of  added  acid  to  final  volume  Acid /Vol.  is  calculated  uni- 
formly on  an  approximate  volume  of  120  cc. 

The  table  includes,  among  others,  those  salts  which  different  authors 
have  either  added  to  the  titration  liquids  for  the  iodide  method  in  their 
special  procedures  or  which  have  been  formed  in  the  processes  used.  In 
pure  solutions  as  a  control  test  these  salts  did  not  act  upon  potassium 
iodide. 

The  above  data  show  that  even  when  the  amount  of  acid  and  all  other 
conditions  except  salt  content  are  kept  constant  the  results  of  the  iodide 
method  are  affected  by  the  presence  of  salts.  In  those  cases  where  sodium 
acetate  without  added  acid  was  used  the  development  of  iodine  was  so 
imperfect  as  to  affect  the  certainty  of  the  end-point,  which  resulted  in 
the  poor  agreement  of  the  duplicates.  By  comparison  with  the  first 
four  titrations  where  results  are  given  with  neutral  reaction  and  with 
acetic  add,  but  without  addition  of  salts,  it  is  seen  to  what  extent  the 
titrations  in  the  presence  of  these  salts  varied  from  this  standard. 

All  the  preceding  data  lead  to  the  conclusion  that  the  condition  of 
acidity  or  of  salt  content,  as  well  as  both  combined,  as  in   the   copper 
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liquids  of  sugar  analyses,  and  in  other  practical  cases,  may  affect  the 
accuracy  of  the  results  of  the  iodide  method. 

Tabls  III. — ^Inplubncb  op  Salts  and  Acid  on  ths  Results  by  thb  loDms  Mbthod. 


NaoStfOt. 

V4>1. 

Salt  added. 

Acid  added. 

Add/Vol. 

Cc. 

Cc. 

None 

Neutral 

0/120 

27.86 

"7 

a 

u 

0/120 

27.84 

119 

a 

20  cc.  cone,  acetic 

1/6 

27.86 

120 

u 

20  cc.           * 

1/6 

27.85 

Z18 

Na,(C^.OJ- 

None 

0/120 

27.88 

125 

a 

a 

0/120 

27.67 

"3 

u 

20  CC.  cone,  acetic 

1/6 

27.96 

124 

m 

20  cc.         * 

1/6 

27.95 

124 

tt 

2  cc.  cone.  H4SO4 

1/60 

27.94 

126 

a 

2  cc.          « 

1/60 

27.95 

126 

NH.(C,H.OJ 

20  cc.  cone,  acetic 

1/6 

27.87 

120 

ff 

20  cc.          * 

1/6 

27.99 

123 

tt 

20  cc.          " 

1/6 

27.97 

100 

Zii(C^,O0, 

None 

0/120 

26.68 

X18 

tt 

« 

0/120 

26.51 

119 

tt 

20  cc.  cone,  acetic 

1/6 

27.97 

118 

u 

20  cc.          * 

1/6 

27.98 

119 

u 

2  cc.  cone.  H^S04 

1/60 

27.98 

123 

u 

2  cc.          * 

1/60 

27 -94 

122 

Na^SO^ 

20  cc.  cone,  acetic 

1/6 

27.55 

120 

u 

20  cc.          " 

1/6 

27.59 

120 

K^, 

2  cc.  cone.  HgSOf 

1/60 

27.91 

120 

U 

2  cc.            " 

1/60 

27.98 

120 

NH,NO, 

20  cc.          " 

1/6 

27.78 

118 

a 

20  cc.          " 

1/6 

27.74 

118 

KCl 

2  cc.  cone.  H^S04 

1/60 

28. IX 

120 

Pure  sucrose 

20  cc.  cone,  acetic 

1/6 

27.86 

120 

u 

20  cc.          * 

1/6 

27.83 

120 

« 

20  cc.          " 

1/6 

27.85 

120 

(5)  The  Standardization  of  Thiosulfate  by  Copper  and  the  Influence  of 
Varying  Concentrations  and  Volumes. — ^The  next  series  of  experiments 
was  made  for  the  purpose  of  standardizing  the  same  thiosulfate  solution 
heretofore  used  by  means  of  electrolytically  standardized  copper  solu- 
tions. Excess  of  salts  other  than  reagents  is  excluded,  but  varying  con- 
ditions of  acidity  were  tested.  The  results  of  this  series,  together  with 
those  which  precede,  were  expected  to  provide  the  basis  for  the  selectkni 
of  standard  conditions  for  accuracy. 

The  following  results  show  the  disturbing  effect  of  varying  acidity  even 
when  the  titration  liquids  are  free  from  excess  of  salts.  As  in  preceding 
experiments,  they  uniformly  show  an  increasing  development  of  iodine 
with  increasing  acidity.  If,  again,  the  results  under  conditions  of  neu- 
trality be  made  the  basis  of  comparison  it  appears  that  a  small  concen- 
tration of  sulfuric  acid  does  not  cause  vdriation  from  this  basal  value. 
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TaBLS  rV. — STANDARDItATlOK  OT  ThIOSULPATB  BY  COPPSR. 

CnSQ«.       NaAOi.          At«.  Na^Or       Sat.  KI.  Vol. 

Addiddcd.                   Acid/Vol.       Dd.              Cc.                         Cc.                     Cc.  Cc. 

Neutral 0/120         2           28.82?                                    (10  120 

Ncniral 0/120         2            27.855                                    J 10  120 

10  oc  acetic 1/6              i            13 -90?              X3>9a              ^5  ^ 

locc.  aoeti^ 1/6              i            i3*93>             (27.84)             J  5  60 

30 cc.  acetic 1/6             2            37.83}                   ^                t  120 

20  cc.  acetic 1/6             2            27.865                                    (  120 

2cc.HgS0^ 1/60           2            2785^                   gj              ^10  120 

20c.  acetic 1/60           2            27.825                                    (10  120 

2CcHgS04 1/30            I             13-95^               «3-94              $5  60 

2Cc.H^04 1/30            I            13.935             (27 -88)             45  60 

3CCH4SO4 1/30            1             13-94^               13-95               Ss  60 

2CC.  H«SO, 1/30            I            13.95)             (27.90)             (5  to 

5CC.H4SO4 1/14            2            27.89?                      g              ^10  120 

5CC.  H4SO4 1/24            2            27.875                                     ?xo  120 

6cc.  HgSO^ 1/25            2            27.85                 27.85                 10  150 

locc.  HgS04 1/15            2            27.89                27.89                10  150 

Tablb  V. — Standardization  of  Thiosulpatb  by  Coppbr. 

CnS04.        NofSsO,.          Arcr.  Na^Ssd         S«t.  KI.  Vol. 

Add  added.                  Add/Vol.       Dd.                Cc.                        Cc.                     Cc.  Cc. 

Neutral 0/120          2            27 .84?                    ^                (10  120 

Neutral 0/120          2            27.85)                                     (lo  120 

2cc.  HgSO^ 1/60            2            27.81?                                     J 10  120 

2cc.  HjSO, 1/60            2            27.855              ^^^^              ?io  120 

2cc.  H^, 1/70            2            27.79?                    gQ              ^10  140 

2cc.H^« 1/60           2            27.805                                    ?io  120 

2ccH^4 1/30            X            13.95^              13.94              5  5  60 

2cc.  H^« 1/30            I            13.935             (27.88)             ?  5  60 

5ccH^4 1/28            2            27.89?                                     <io  140 

5cc.H^4 1/28            2            27.925                                     (lO  140 

5CcH^4  ....     1/24            2            27.86?              ^    g                (10  120 

5cc.  HflSO^ 1/24            2            27.885                ^'  ^              ?io  120 

5CC.  HgSO« x/i2            I            14.00?               14.01              (5  60 

5CC.  H«S04 1/12            I            14-025             (28.02)             ?  5  60 

This  concentration  seems  to  be  in  the  vicinity  of  i  /6o  of  the  total  volume 
at  the  end  of  titration.    As  before,  a  high  concentration  of  acetic  add, 

e,  g.,  1/6  of  the  final  volume,  does  not  affect  the  values  obtained.  These 
results,  pertaining  to  small  concentrations  of  sulftuic  add  and  large  con- 
centrations of  acetic  add,  agree  with  th«  findings  of  Gooch  and  Heath.' 
These  authors  set  a  maximum  limit  of  2  cc.  of  concentrated  add  in  50  cc. 
of  liquid,  i.  e.,  a  proportion  of  1/25.  Bray  and  MacKay'  considered  the  pro- 
portions used  by  Gooch  and  Heath  too  large,  as  they  f  otmd  the  devdopment 

'  Loe.  eit.,  p.  71. 
*Iktd.,  p.  1x99. 
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of  iodine  under  the  influence  of  the  reagents  above  to  be  large  enough  to  be 
easily  measurable.  Bray  and  MacKay ^  also  found  that  acetic  add  had  prac- 
tically no  influence  on  the  results  compared  with  mineral  adds.  The  method 
ptursued  in  obtaining  the  above  tabular  values,  viz.,  that  of  performing 
titrations  with  varying  amotmts  of  acid,  show  the  influence  of  the  add 
under  exactly  the  conditions  of  analysis.  These  d^ta  show  that  the 
maximum  proportion  of  1/25  set  by  Gk)och  and  Heath  is  distinctly  too 
large,  and  these  authors  state  as  follows  (p.  74)  with  reference  to  add: 
"  We  find  no  groimd  for  the  inference  of  Moser*  that  the  presence  of  add, 
best  sulfuric  add,  is  necessary  to  the  attainment  of  good  results  at  all 
volumes  excepting  the  most  concentrated;  and  there  appears  to  be  no 
reason  why  the  addition  of  small  amounts  of  add  should  increase  the 
amount  of  iodine  liberated,  if  the  potassium  iodide  is  free  from  iodate 
or  other  oxidizer.  We  are  wholly  imable  to  offer  any  explanation  for 
Moser's  extraordinary  observation,  quite  contrary  to  oiu:  own,  that  varia- 
tion in  the  amounts  of H3SO4,  from  i*^'  to  100*=*^'  (0.49  gram  to 

49  gram)  for  50*^'  of  a  solution  of  copper  sulfate,  is  practically  without 
effect  in  the  treatment  by  potassitun  iodide." 

All  these  accounts  taken  together  indicate  that  possibly  no  add  is 
necessary,  i.  e.,  that  a  neutral  reaction  is  alwa3rs  adequate  for  the  iodide 
reaction,  and  that  in  any  case  a  low  concentration  of  mineral  add  is  per- 
missible. But  since  the  tabular  results  here  presented  show  the  variety 
of  values  that  may  be  obtained,  there  is  wanting  a  ddimitation  of  condi- 
tions that  would  result  in  invariable  acciwacy.  In  order  to  obtain  a  basis 
for  the  correct  standardization  of  these  conditions  it  is  here  proposed 
that  the  results  obtained  with  neutral  solutions  and  with  moderate  pro- 
portions of  acetic  add  (e.  g.,  i  volume  in  6)  and  in  the  practical  absence 
of  salts  be  regarded  as  the  correct  standard.  These  two  conditions  have 
been  found  in  agreement  by  other  experimenters.  In  the  above  tables 
they  have  the  following  values,  for  neutral  titration  liquids:  27.86,  27.84, 
27.84,  27.85,  27.82,  27.85  =  average  of  27.84  cc.  with  an  average  de- 
viation from  the  mean  of  0.0 1  cc.  For  acetic  add  titrations  with  a  pro- 
portion of  I  to  6:  27.86,  27.85,  27.80,  27.86,  27.83,  27.86  =»  average  of 
27.84  cc.  with  an  average  deviation  from  the  mean  of  0.02  cc.  Under 
these  standard  conditions  then  27.84  cc.  of  thiosulfate  «  2  X  176.9  = 
353.8  mg.  of  copper.  Therefore  the  thiosulfate  has  a  value  of  12.708 
mg.  of  copper  per  cc.  The  value  12.708  is  to  be  compared  with  12.633 
by  iodine  (from  iodate)  found  on  p.  438.  This  is  a  discrepancy  of  75  parts 
in  1270  =  0.6%.  The  residts  with  sulfiuic  add  in  the  concentration  of 
I  to  60  and  in  the  practical  absence  of  salts  may  now  be  examined  and 

^  Loc.  cit,,  p.  1 199. 

'  Z,  anal.  Ckem.,  43,  597  (1904). 
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they  have  the  followmg  values:  27 .  85,  27 .  82,  27.81,27. 85,  27 .  79,  27 .  80  = 
average  of  27.82  cc.  with  an  average  deviatioa  from  the  mean  of  0.02 
cc.  This  agrees  well  with  the  results  under  the  above  standard  condi- 
tions with  neutrality  or  with  acetic  acid.  All  the  other  values  with  sul- 
furic add  would  give  different  results.  If  now  the  results  with  sulfuric 
add  in  the  absence  of  tartrate  and  sulfate  be  examined,  it  is  found  that 
when  4  cc.  of  sulfuric  add  were  used  the  restdt,  27.85  cc,  was  the  same 
as  under  the  standard  neutral  or  acetic  acid  conditions.  Hence  with 
this  amount  of  add  the  alkalin  tartrate  solution  of  copper  can  be  cor- 
rectly estimated  by  the  iodide  method,  so  that  the  results  essentially  agree 
with  those  of  dectrolysis.  All  the  other  concentrations  of  sulfuric  acid 
that  were  tried  would  result  in  erroneous  values. 

The  prindple  here  involved  is  that  the  copper  measurements  by  the 
thiosulfate  must  give  the  same  values  in  the  presence  of  salts  and  acids 
as  in  their  absence  and  that  these  results  must  in  all  cases  be  the  same 
as  those  of  electrolysis.  Where  the  salt  mixture  can  be  obtained  separate 
from  the  copper  to  be  estimated  as  with  the  alkalin  tartrate  solutions 
of  sugar  analysis,  this  end  is  easily  reached  by  standardizing  the  thio- 
sulfate with  and  without  the  salt  or  add  to  be  tested.  The  amount  of  acid 
is  adjusted  to  give  the  same  result  as  the  control  standardization.  When 
the  amount  of  add  and  salt,  even  though  mixed  and  imknown,  are  con- 
stant for  routine  analyses,  electrolytic  controls  once  made  suffice  to  show 
the  measuring  power  of  the  thiosulfate  in  comparison  with  the  standard 
conditions  with  neutrality  or  with  acetic  add. 

When  the  conditions  presented  are  those  of  unknown  and  miscellaneous 
samples,  accuracy  can  still  be  attained  by  a  method  of  quantitative  com- 
pensation described  on  p.  448. 

Finally,  with  reference  to  the  discrepancy  between  the  standard  values 
by  iodine  (from  iodate)  and  by  copper  the  following  considerations  should 
be  made.  If  the  standardizations  were  made  under  the  use  of  mineral 
adds  the  development  of  iodine  would  be  greater  in  both  cases,  as  shown 
by  all  the  tables,  and  consequently  the  standard  values  of  both  in  terms 
of  copper  would  be  correspondingly  depressed  but  their  relation  would 
not  be  materially  altered.  The  discrepancy  then  is  due  in  the  first  in- 
stance to  the  development  of  too  little  iodine  by  the  copper  method, 
thus  giving  a  comparatively  high  result  for  the  value  of  the  thiosulfate. 
Bray  and  MacKay^  have  suggested  as  the  cause  of  this  difference,  the 
absorption  of  iodine  by  the  cuprous  iodide  precipitate,  thus  withdrawing 
it  from  the  action  of  thiosulfate.  Some  of  the  experiments  tabulated 
bdow  show  the  result  when  the  amount  of  potassium  iodide  is  sufficient 
to  dissolve  all  the  predpitated  cuprous  iodide,  thus  removing  the  possi- 
bility of  absorption. 

'  Loc.  dt,,  p.  1 199. 
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TaBLS^VI. — ^iNnrUSNCB  OP  1H8  CONCBNTRATION  OP  COPPBR  ON  THE  RSSUI^TS  OP  THS 

lODIDS  MBTBOD. 


No.  CiiS04. 

1  3Del. .. 

2  2  Del. . . 

3  2  Del. . . 

4  2  Del. . . 

5  2  Del. . . 

6  40/100  of  4  Del. 

7  40/100  of  4  Del. 

8  30/100  of  4  Del. 

9  30/100  of  4  Del. 

10  20/100  of  4  Del. 

1 1  20/100  of  4  Del. 

12  10/100  of  4  Del. 

13  10/100  of  4  Del. 

14  10/100  of  4  Del. 

15  12/100  of  4  Del. 

16  12/100  of  4  Del. 

17  12/100  of  4  Del. 

18  10/100  of  4  Del. 

19  10/100  of  4  Del. 

20  10/100  of  4  Del. 

21  10/100  of  4  Del. 

22  10/100  of  4  Del. 
33  10/100  of  4  Del* 

24  8/100  of  4  Del. 

25  8/100  of  4  Del. 

36  8/100  of  4  Del. 

27  8/100  of  4  Del. 

28  6/100  of  4  Del. 

29  6/100  of  4  Del. 

30  5/100  of  4  Del. 

31  5/100  of  4  Del. 

32  5/100  of  4  Del. 

33  5/100  of  4  Del. 

34  5/100  of  4  Del. 

35  4/100  of  4  Del. 

36  4/100  of  4  Del. 

37  4/100  of  4  Del. 

38  4/100  of  4  Del. 


353.8 


353.8 


Aver. 
Ni^SsOt. 


Oonc 

Sat.      acetic  Cals. 

Vol.          KI.        add.  Na|8*Ot. 

Cc.           Cc.          Cc.  Ce. 


Difl. 
Cc 


37.86       X30         10. 0       30     (37.86) 


37.85         I30  10. 0        30      (37.85) 


33.39 

16.73 
II. 16 

5.60 


5 
5.60 

5-57 


3.78 


1 30 


1 30 


1 30 


121 


6.71        118 


•"  & 


25 
23 


4.44       "9 
4-45        "5 


118   * 
I  118^ 


2.79       117 


3.S5        117 


10. o      30      33.39 


lO.O        30         16.73       +0.01 


lO.O        30         XI.  14      +0.03 


10. o      30        5.57     +0.03 


10. 0 
10. o 

5.0 

10. o 
30. o 


3.36         134  30.0 

116 1 


10. o 


10. o 


10 .0 


30         6.68     +0.03 


30      5.57 


5.57    +0.03 


5.57 


so        4.46 


30  4.46 


30        3.79 


30        3.79 


.03 


.01 


20        3,34     +o.oa 


.ox 


30  3.33       +0.03 


Here  also  are  tabulated  the  restilts  of  experiments  so  planned  as  to 
show  to  what  extent  the  evolution  of  iodine  in  the  iodide  method  is  af- 
fected by  the  relative  concentrations  of  copper  or  by  the  relative  volumes 
in  which  the  reaction  occurs.     In  most  of  the  experiments  four  deliveries 
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of  the  standardized  pure  copper  sulfate  (176.9  mg.  Cu  each)  were  run 
into  a  icx)  cc.  volumetric  flask  and  made  to  the  mark  with  distilled  water. 
This  solution  was  then  placed  in  a  buret  from  which  the  proportions 
shown  by  column  2  were  taken.  Each  portion  was  then  estimated  by 
the  iodide  method  as  indicated  by  the  table. 

The  basis  of  comparison  for  all  the  above  results  is  the  largest  titra- 
tion of  copper  made  under  constant  conditions  on  the  constant  volume  of 
approximately  120  cc.  This  amount  is  27.86  cc.  and  has  been  verified 
by  other  titrations.  The  calculated  titrations  of  column  9  were  obtained 
on  the  supposition  that  aliquot  volumes  would  give  strictly  proportional 
titrations.  The  differences  of  coltunn  10  show  the  variation  of  the  ex- 
perimentally found  values  of  column  5  from  those  calculated  in  coltmm 
9.  The  results  clearly  show  that  such  proportionality  does  exist  and  that 
the  results  obtained  by  the  iodide  method  imder  controlled  condition 
of  reagents  are  strictly  comparable  for  large  and  small  amoimts  of  copper. 

The  concentration  of  copper  expressed  as  rp^ — —  for  the  determinations 

in  120  cc.  vary  from  ^^  to  — ,  1.  e.,  from  2.95  to  0.23.    The  limits  of 

■^  120       120  ^  *^ 

error,  especially  with  the  smaller  amounts  of  copper,  are  stu-prisingly 

small  when  the  unfavorable  conditions  of  large  volmne  and  concentrated 

thiosulfate  solution  compared  to  the  small  amount  of  copper  to  be 

estimated  are  considered.     For  other  reasons  small  amounts  of  copper 

should,   of    course,   be   measured   with   dilute   thiosulfate    in    a    small 

volume.    The  severest  test  for  the  present  proposition  was  to  maintain 

the  same  large  volume  and  comparatively  concentrated  thiosulfate  for 

widely  varying  amounts  of  copper. 

The  results  above  tabulated  also  permit  the  following  observations 
on  absorption  of  iodine  by  cuprous  iodide.  In  experiments  Nos.  1-25 
the  concentration  of  potassium  iodide,  as  shown  by  the  table,  was  not 
suffident  to  hold  all  of  the  cuprous  iodide  in  solution.  In  experiments 
26-38  complete  solution  occurred.  Although  the  amounts  of  copper 
here  determined  were  small  and  the  conditions  unfavorable,  as  above 
described,  the  results  found  and  calculated  agree  very  closely.  However, 
the  basis  of  calculation  was  the  value  27.85  cc.  obtained  with  the  large 
amount  of  copper  of  353 . 8  milligrams  where  solid  cuprous  iodide  occtured 
in  abimdance  and  could  have  permitted  absorption  of  iodine.  The  ex- 
act proportionality  of  the  results  show  that  such  absorption  did  not  oc- 
cur in  any  of  these  determinations,  even  when  abtmdance  of  solid  cuprous 
iodide  was  present.  Hence  this  possible  source  of  error  does  not  exist 
in  the  method  as  here  followed  and  the  factor  of  absorption  does  not  ex- 
plain the  discrepancy  between  the  iodine  and  the  copper  standardiza- 
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tions  of  thiosulfate.    The  possibility  that  cuprous  iodide  may  absorb 
some  iodine  under  certain  conditions  is,  of  course,  not  denied. 

(6)  General  Conclusions  on  the  Iodide  Method, — ^A  salient  characteristic 
of  the  iodide  method  from  the  standpoint  of  accurate,  electrol3rtically 
controlled  copper  measurement  is  its  sensitiveness  to  change  of  condi- 
tions. This  fact  finds  its  explanation  in  the  dependence  of  the  method 
upon  a  sensitive  equilibrium  reaction.  The  ready  variability  of  values 
by  the  iodide  method  according  to  concentration  of  acid  and  of  salts, 
and  according  to  the  selection  of  the  standard  values  of  the  thiosulfate, 
etc.,  renders  it  difficult  to  guarantee  its  accuracy  without  full  knowledge 
of  the  special  conditions  involved  in  each  anal3rsis.  This  latter  necessity 
ranks  the  iodide  method  below  the  electrolytic  method  in  general  applica- 
bility, when  a  high  degree  of  accuracy  is  required. 

Very  accurate  measiurements  of  copper  can  be  made  by  the  iodide 
method  with  the  procedure  previously  described  and  under  the  following 
provisions:  (i)  The  conditions  of  the  analyses  to  be  made  can  frequently 
be  so  adjusted  that  the  same  values  for  thiosulfate  hold  as  for  the  special 
conditions  of  the  original  standardization  of  the  thiostdfate.  The  copper 
of  the  alkalin  tartrate  solutions  from  sugar  analyses  can  thus  be  accurately 
determined  by  adjusting  once  for  all  the  degree  of  acidity.  (2)  The 
thiosulfate  is  empirically  standardized  for  the  special  conditions  of  a  series 
of  analyses  by  the  electrolysis  of  a  sample  of  the  frequently  recurring 
routine  solutions  which  present  a  repetition  of  the  same  conditions. 
(3)  The  influence  of  varying  conditions  which  may  not  be  in  harmony 
with  those  of  the  original  standardization  of  the  thiosulfate  can  be  tested 
and  quantitatively  compensated  by  the  following  method:  The  max- 
imtmi  amount  of  the  tmknown  copper  solution  is  first  titrated  and  sec- 
ondly, to  half  of  this  amount  is  added  an  equal  and  exactly  known  amount 
of  pure  standard  solution  of  copper  and  another  titration  is  then  made 
with  the  same  final  volume  and  reagents.  The  divergence  from  the  first 
titration  and  its  sign  are  then  noted  and  twice  this  amount  is  applied 
as  a  correction  to  the  first  value.  The  corrected  thiosulfate  value  thus 
foimd  may  now  with  accuracy  be  multiplied  by  the  standard  value  of 
the  thiosulfate  obtained  under  standard  conditions.  When  the  amount 
of  copper  is  small  a  smaller  volume,  e.  g.,  50  cc.  and  a  more  dilute  thio- 
stdfate, e.  g.,  of  a  value  of  about  3  mg.  of  copper  per  cubic  centimeter,  pro- 
vides corresponding  conditions  for  the  above  procedture. 

The  iodide  method  can  be  made  to  give  exceedingly  accurate  results, 
comparable  within  imits  of  error,  with  those  of  electrolysis.  It  requires, 
however,  rigid  control  of  pure  copper  or  by  electrolysis,  which  control 
must  be  extended  to  the  detailed  conditions  of  its  application  in  order  to 
obtain  results  concordant  with  the  theory. 
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6.  Summary  of  the  Conditions  of  the  Iodide  Method  for  the  Oreateet 
Accuracy  and  Sensitivity  Especially  in  the  Analysis 

of  Alkalin  Tartrate  Solutions. 

(i)  Introduction, — A  highly  valuable  experimental  study  of  the  con- 
ditions for  the  iodide  method  was  made  by  Gooch  and  Heath^  where  also 
the  principal  developments  of  the  preceding  literature  are  taken  into 
consideration.  The  earlier  paper  of  Moser'  is  also  a  valuable  contribu* 
tion  on  the  iodide  method.  From  these  accounts,  as  well  as  from  the  re- 
suits  of  numerous  copper  determinations  made  by  myself,  the  desirable 
conditions  for  the  iodide  method  may  be  summarized  as  follows: 

{2)  The  Concentration  of  Potassium  Iodide. — ^The  concentration  of  the 
potassium  iodide  should  be  high  in  comparison  to  the  equivalent  (see  equa- 
tion) of  copper  present,  regardless  of  whether  the  absolute  amount 
of  copper  be  small  or  large.  The  reaction  between  copper  sulfate  and 
potassium  iodide  does  not  run  to  completeness  unless  there  is  present  a 
considerable  excess  of  the  iodide.  The  most  important  point  is  that  the 
concentration  of  iodide  be  high  in  relation  to  the  final  volume  at  the  end 
of  titration  and  not  simply  with  reference  to  the  absolute  amount  of 
copper  present.  This  is  a  condition  of  great  importance,  which  was  well 
developed  by  Gooch  and  Heath. ^ 

I  use  a  solution  of  potassitmi  iodide  which  is  in  saturated  condition 
when  the  solution  has  reached  room  temperature.  It  has  been  found 
that  when  this  solution  is  kept  in  the  dark  instead  of  on  the  laboratory 
table,  and  when  stoppered,  it  liberates  iodine  much  less  rapidly.  Free 
iodine  should  be  removed"  with  dilute  thiosulfate  solution.  Ten  cubic 
centimeters  of  such  a  saturated  solution  weighed  17.120  g.  and  after 
evaporation  to  dryness  left  a  residue  of  10.840  g.  Hence  i  cc.  repre- 
sents about  I.I  g.  of  the  iodide.  Since  comparatively  large  quantities 
must  be  used,  the  titrated  liquids,  if  numerous  determinations  are  made, 
should  be  saved  for  the  recovery  of  iodine  as  described  below.*    In  this 

»  Am.  J.  Set.,  24,  65-74  (1907)- 

^  Z.  anal.  Chem.,  43,  597-608  (1904)- 

•  Loc.  cU. 

*Thie  following  method  for  the  recovery  or  rough  evaluation  of  waste  titration 
Hquids  containing  iodine  was  found  efficient  and  convenient.  The  titrated  liquids 
mduding  the  cuprous  iodide  are  distiUed  from  a  tubulated  retort  carrying  a  safety 
tube.  The  open  end  of  the  retort  is  immersed  in  cold  water.  Upon  boiling  the  liquid 
with  manganese  dioxide  and  sulfuric  acid,  free  iodine  passes  over  and  is  collected  in 
tbe  water,  some  also  adhering  to  the  neck  of  the  retort.  The  whole  distillate  is  fil- 
tered through  glass  wool  and  the  iodine  is  dried  on  a  porous  plate.  The  iodine  may  be 
converted  to  hydriodic  acid  by  the  method  of  Winkler,  as  foUows:  It  is  dissolved  in 
a  quantity  of  carbon  tetrachloride  which  is  covered  with  a  layer  of  water.  Hydrogen 
sulfide  is  passed  and  as  the  iodine  is  removed  by  the  accumulation  of  hydriodic  acid 
in  the  watery  layer,  more  iodine  is  added  to  the  tetrachloride.  The  action  is  slow  at 
first,  but  the  process  works  very  satisfactorily.  When  the  quantity  of  these  waste 
titration  liquids  is  large  it  may  be  advisable  to  sell  the  evaluated  material. 
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work  approximately  120  cc.  at  the  end  of  titration  was  the  most  fre- 
quently used  volume,  and  for  this  6-io  cc.  of  the  iodide  solution  were 
taken.  For  titrations  in  a  volume  of  60  cc.  or  less,  5  cc.  of  iodide  solu- 
tion were  generally  used.  Beyond  a  certain  limit  mduded  within  the 
above  amounts,  an  increase  in  potassium  iodide  no  longer  affects  the  re- 
sults, but  a  very  great  excess  should  be  avoided  as  liable  to  produce  the 
same  effect  as  high  salt  concentration  (see  Table  III,  p.  442).  Occasion- 
ally when  the  amotmt  of  copper  was  small  the  resulting  cuprous  iodide 
was  completely  dissolved  by  the  iodide,  but  this  does  not  vitiate  the  re- 
sults. 

These  titrations  were  made  with  an  approximately  tmiform  volume  of 
120  cc.  at  the  end  of  titration  and  with  5  cc.  of  concentrated  sulfuric  acid. 
They  were  all  made  on  the  same  amotmt  of  copper  sulfate  solution,  viz.t 
one  delivery  of  the  automatic  pipet: 

Tabvb  VII. — ^Influbncb  of  Tim  Concbntration  of  Potassium  IoDn>B  on  th«  Re- 
sults OF  THE  lODroE  Method. 


Sat.  EI. 

Na^tOs  titrat. 

Sat.  KI. 

NaiS^Og  titnit. 

Cc 

KI/Vol. 

Cc. 

Cc. 

Kl/Vd. 

Ce. 

6 

1/20 

13.98 

2 

1/60 

13.94 

5 

1/24 

13.98 

I 

1/120 

13.91 

3 

1/40 

13.94 

0.5 

1/240 

9.66 

• 

4 

1/30 

13.97 

(j)  The  Degree  of  Acidity. — ^A  second  desirable  condition  is  the  pres- 
ence of  a  limited  but  indefinit  concentration  of  hydrogen  ion. 
Nitric  or  even  hydrochloric  acid*  is  tmdesirable  for  this  purpose. 
When  no  considerable  amount  of  electrolytes  is  present,  acetic 
acid  within  a  wide  range  of  concentration  may  be  used,  or  sulftiric 
acid  in  relatively  small  amotmt.  Sulftuic  and  not  acetic  add  should  be 
used  for  acidifying  the  alkalin  reduction  mixttu'es  occurring  in  sugar 
analyses.  These  also  contain  a  considerable  concentration  of  Rochelle 
salt  which,  together  with  the  salt  formed  by  acidification,  tend  to  de- 
press the  ionization  of  the  excess  of  acid.  With  acetic  acid  this  depression, 
especially  when  the  volume  is  small,  is  so  great  that  the  liberation  of  iodine 
is  not  free  and  rapid.  Under  these  circumstances  a  premature  end-point 
may  occur  with  the  thiosulfate,  more  iodine  being  liberated  soon  after 
the  apparent  end-point,  or  the  whole  reaction  and  titration  may  proceed 
so  slowly  as  to  be  imcertain.  Sulfuric  acid  should  be  used  in  small  but 
sufficient  excess  to  give  a  prompt  and  complete  evolution  of  iodine.  The 
result  is  due  to  its  greater  ionization  than  that  of  acetic  add. 

In  any  case  prompt  evolution  of  iodine,  a  yellow  to  brown,  not  a  green- 
ish color  of  the  reaction  mixture,  and  a  rapidly  attained  end-point  with 
thiosulfate  are  evidences  of  suffident  excess  of  add.    Too  great  an  ex- 
^  See  Moser,  Loe.  eiL,  p.  600. 
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cess  of  add  would,  as  Gooch  and  Heath^  and  Bray  and  MacKa}^*  observed, 
liberate  iodine  from  potassium  iodide  in  the  presence  of  air.  Possibly 
this  source  of  error  always  occurs  in  the  iodide  method,  but  its  amount 
should  be  negligibly  small  during  the  time  c6nstuned  in  a  titration.  That 
iodine  develops  in  a  longer  period  of  time  and  redevelops  after  the  titra- 
tioiis  are  finished  has  but  little  practical  significance. 

{4)  The  Loss  of  Iodine  by  Volatilization. — Another  condition  for  the 
accuracy  of  any  iodine  titrations  is  that  they  be  performed  in  nairow- 
secked  Erlenmeyer  flasks  of  the  smallest  convenient  volume,  e.  g.,  of  loo 
to  300  cc.  and,  it  need  scarcely  be  added,  the  temperature  should  not  ex- 
ceed that  of  the  room.  It  was  not  found  necessary  to  stopper  the  ves- 
sels used  under  these  conditions,  especially  when  the  liberation  and  the 
titration  of  the  iodine  altogether  occupied  only  a  few  minutes. 

(5)  The  Volume  of  the  Titration  Mixture, — ^The  practical  question 
arises  as  to  what  is  the  most  favorable  concentration  of  sodium  thiosul- 
fate  with  which  to  titrate  the  liberated  iodine  under  any  conditions  of 
dilution.  The  answer  depends  primarily  upon  the  volume  of  liquid  in 
which  at  the  end  of  the  titration  one  drop  of  thiosulfate  of  any  proposed 
concentration  will  still  produce  a  definitely  perceptible  change  of  color 
called  the  end-point  of  the  titration.  Thus  the  conditions  for  the  greatest 
accuracy  are  stunmarized  as  follows:  *  The  largest  amount  of  substance 
(copper)  to  be  estimated,  contained  in  the  smallest  voltmie,  should  be 
titrated  with  the  most  dilute  thiosulfate  that  gives  a  good  end-point. 
When  any  one  of  these  three  conditions  is  determined,  the  other  two 
can  be  adjusted  for  the  maximum  accuracy  which  the  determined  condi- 
tion permits. 

One  of  the  most  frequent  and  least  perceived  of  the  errors  made  by  the 
iodide  method  is  the  failure  to  use  sufficient  potassitmi  iodide  and  acid 
when  volumes  above  loo  cc.  are  obtained  at  the  end  of  titration.  Only 
by  observing  this  condition  can  comparable  results  be  obtained  for  the 
same  amount  of  copper  in  large  and  in  small  voltunes. 

(6)  The  Starch-iodine  End-point  in  the  Presence  of  Suspended  Cuprous 
Iodide. — ^A  comparison  of  the  relative  usefulness  of  various  concentra- 
tions of  thiosulfate  involves  a  consideration  of  the  nature  of  the  end-point 
in  the  iodide  method.  The  presence  of  a  greater  or  less  quantity  of  the 
precipitated  slightly  yellowish  white  cuprous  iodide  considerably  modi- 
fies this  end-point  from  that  of  a  simple  iodine  titration  where  the  final 
change  from  blue  to  colorless  is  very  easily  determined.  In  the  presence 
of  cuprous  iodide  and  starch  the  mixttu^e,  shortly  before  the  end  of  the 
titration,  assumes  a  chocolate-brown  color,  which  changes  to  a  light 
cream- white  as  the  last  necessary  drop  of  thiosulfate  is  added.    The  end- 

^  Loe.  cit.,  pp.  70-71. 
'TMtf.,  p.  1 199. 
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point  has  already  occurred  when  another  drop  of  thiosulf ate  does  not  di- 
minish the  prevalent  very  light  shade  of  the  mixture.  The  recognition 
of  the  end-point  must  be  learned  by  some  practice.  It  can  be  satisfac- 
torily obtained  in  good  diffuse  daylight,  as  well  as  by  artificial  light,  by 
working  over  a  white  surface.  It  is  by  no  means  imcertain  or  indefinit, 
as  the  very  close  agreement  of  repeated  titrations  by  several  observers 
shows.  Bray  and  MacKay*  found  that  the  change  of  color  of  the 
particles  of  suspended  precipitate  was  a  good  indication  of  this  end- 
point.  In  these  experiments  the  phenomenon  of  colored  particles 
was  not  observed  when  fresh  soluble  starch  was  used,  but  only  with 
an  indicator  of  common  boiled  starch  (used  only  for  trial)  and  of  older 
solutions  of  soluble  starch.  The  "spot  test;**  contrary  to  the  opinion  of 
Moser,^  seems  to  be  the  best  of  all  direct  indications  of  the  end-point. 
So  long  as  a  drop  of  thiostdf ate  falling  upon  the  quiet  surface  of  the 
titration  liquid  produces  a  perceptible  white  area  the  end-point  has 
not  yet  been  reached.  Practically  all  the  titrations  here  reported  were 
made  with  this  end-point. 

It  is  strongly  urged  that  another  bm-et  be  constantly  kept  at  hand 
containing  an  iodiae  solution  of  practically  equivalent  concentration 
to  the  standard  thiosulfate.  This  scheme  is  highly  useful  when  the  con- 
ditions of  illumination  are  not  favorable,  or  in  the  presence  of  sufficient 
coloring  matter  to  distiu-b  or  when  overtitration  is  suspected,  and  for  the 
inexperienced.  When  the  end-point  is  supposed  to  have  been  reached 
the  liquid  is  back-titrated  with  the  iodine  to  the  first  definitely  recogniza- 
ble darkening  due  to  iodide  of  starch.  The  appearance  of  a  color  consti- 
tutes in  general  a  better  end-point  for  a  titration  than  the  disappearance 
of  a  color.  In  the  former  case  overtitration  has  better  defined  limits. 
This  back-titration  must  be  done  within  a  few  minutes  after  the  thio- 
sulfate titration  and  before  the  liquid  has  stood  exposed  to  the  air  long 
enough^  to  redevelop  some  iodine.  The  thiosulfate  end-point  is  thus 
confirmed  or  corrected  if  necessary.  For  acciu-acy  it  is  important  to 
remember  that  all  volumetric  end-points  are  slight  overtitrations  and 
that  hence  the  mean  between  the  direct  thiosulfate  and  the  back-titra- 
tion with  iodine  is  more  nearly  correct  than  either  alone.  This  error  is, 
however,  practically  eliminated  when,  as  in  the  residual  method  of  sugar 
analysis,  the  quantity  of  reduced  copper  to  be  determined  is  found  by 
taking  the  difference  between  two  thiosulfate  titrations,  the  first  of  which 
is  a  blank  determination. 

It  must  not  be  inferred  from  the  above  details  and  refinements  that 
the  end-point  in  the  iodide  method  is  not  practically  useful  or  involves 
any  formidable  difficulties. 

^  Loc.  cii, 

'  See  Bray  and  McKay,  Loc.  cU,,  p.  1199. 
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7.  SuBunary  of  Results. 

(i)  The  different  methods  for  the  standardization  of  thiosulfate  solu- 
tions may  be  classified  into  groups  each  of  which  gives  values  at  variance 
with  the  others,  but  very  constant  with  itself.  The  differences  between 
the  group  values  far  exceed  the  limits  of  error  of  the  individual  groups. 
Of  these  groups,  that  which  gives  the  same  result  as  pure  iodine  must  be 
regarded  as  correct  for  the  purpose  of  meastu'ing  iodine  per  se.  The 
standard  value  of  thiosulfate  determined  by  copper  under  electrolytic 
control  is  discrepant  with  the  results  of  the  iodine  group  much  beyond 
the  limits  of  error  of  either  method.  For  accurate  copper  meastu'ement 
by  the  iodide  method  only  the  empirically  determined  value  of  the  thio- 
sulfate by  means  of  copper  can  be  used.  The  copper  value  of  the  thio- 
sulfate which  can  be  calculated  from  the  normality  of  the  thiosulfate  by 
iodine  is  therefore  not  applicable  in  the  iodide  method  for  the  deter- 
mination of  copper. 

(2)  A  tartrate-cyanide  electrolyte  for  the  deposition  of  copper  has  been 
described  which  permits  the  use  of  high  voltage,  high  cturent  density 
and  boiling  temperature  compatible  with  a  deposit  of  good  quality.  The 
proportion  of  cyanide  is  limited.  A  copper  cathode  may  be  used  instead 
of  platinum.  Rapid  deposition  is  due  to  the  composition  of  the  electro- 
lyte and  its  continued  mixture  by  abundant  evolution  of  gas  and  from 
heating. 

(3)  A  rapid  method  has  been  described  for  preparing  solutions  of  cop- 
per or  of  its  compounds  for  the  iodide  method.  Solution  is  made  in  an 
Erlenmeyer  flask  by  means  of  heat  with  the  least  necessary  amount  of 
slightly  diluted  nitric  acid.  After  additions  of  water  and  powdered  tal- 
cum the  mixture  is  boiled  vigorously  for  5  to  10  minutes.  The  rapid 
ebullition  occurring  under  these  conditions  quickly  removes  nitrous  acid. 
Upon  cooling  and  diluting,  the  iodide  method  may  be  applied.  Sulfuric 
acid  may  be  added  to  the  nitric  acid  solution  when  a  sulfate  solution  is 
desired. 

(4)  The  accuracy  of  the  results  obtained  by  the  iodide  method  is  af- 
fected by  (a)  varying  concentrations  of  mineral  acid,  (b)  by  the  presence 
of  salts  both  independently  of  and  in  conjunction  with  acetic  or  mineral 
add.  The  results  obtained  in  neutral  and  in  acetic  acid  solutions,  both 
of  which  are  free  from  excess  of  salts,  are  concordant  and  thus  constitute 
the  standard  of  correctness.  When  much  salt  is  present  or  when  the 
alkalin  copper  solutions  from  sugar  analyses  are  to  be  estimated,  sul- 
furic add  rather  than  acetic  should  be  used  in  order  to  obtain  prompt 
evolution  of  iodine  and  a  good  end-point. 

(5)  It  has  been  shown  that  when  the  conditions  of  the  iodide  method 
are  under  control:  (a)  the  results  are  independent  of  the  concentration 
of  the  copper  titrated  or  of  the  volume  in  which  the  titration  is  made; 
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(6)  the  restilts  on  large  and  on  small  amounts  of  copper  in  the  same  or 
in  different  volumes  are  strictly  comparable. 

(6)  It  has  been  shown  that  absorption  of  iodine  by  precipitated  cuprous 
iodide  as  a  perceptible  source  of  error  does  not  occur  in  the  iodide  method 
as  here  performed.  Hence  this  explanation  of  the  discrepancy  between 
the  iodide  and  the  copper  standardizations  of  thiosulfate  solutions  is 
untenable. 

(7)  The  ease  with  which  the  results  of  the  iodide  method  are  affected 
by  a  variety  of  conditions  has  been  shown.  Procedures  have  been  de- 
scribed for  testing  the  presence  of  these  influences  and  for  adjusting  the 
conditions  or  quantitatively  compensating  them.  These  procedures 
have  a  general  application,  so  that  even  for  a  high  degree  of  acciu-acy  the 
iodide  method  need  not  be  limited  to  the  special  conditions  of  the  original 
test  analyses.  The  iodide  method,  only  under  control  of  conditions  it 
must  be  emphasized,  has  the  decided  advantages  of  exceeding  accuracy 
combined  with  rapidity. 

I  am  imder  much  obligation  to  Professor  F.  G.  Benedict  for  advice  and 
valuable  criticism  throughout  this  work.  I  was  also  ably  assisted  in 
obtaining  the  experimental  data  and  in  their  re-examination  by  Mr. 
Richard  I .  Carney  and  Mr.  Wm.  F.  O'Hara,  of  the  staff  of  this  laboratory. 
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zi.  Theoretical  Considerations. 

This  article  i?  devoted  to  the  consideration  of  the  electrical  conductance 
of  solutions  of  single  salts. 

The  conductance  of  a  solution  may  be  explicitly  defined  in  terms  of 
the  ordinary  units  as  the  number  of  coulombs  of  electricity  that  pass 
through  it  per  second  when  a  potential-difference  of  one  volt  exists  at 
the  electrodes.  The  specific  conductance  (L)  of  a  solution  is  the  conduc- 
tance of  one  centimeter  cube  of  it  between  electrodes  one  centimeter 
apart. 

The  conductance  of  aqueous  solutions  of  salts,  acids  and  bases  (here- 
after referred  to  by  the  single  word  **salt")  seems  to  be  almost  wholly 
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due  to  the  salt,  since  pure  water  is  known  to  have  only  an  extremely 
small  conductance;  and  it  is  conveniently  expressed  in  the  case  of  solu- 
tions containing  only  a  single  salt  by  the  concept  of  equivalent  conduc- 
tance, which  is  defined  as  follows:  The  equivalent  conductance  (A) 
of  a  dissolved  salt  is  the  conductance  between  electrodes  one  centimeter 
apart  of  that  volume  of  its  solution  which  contains  one  equivalent  of  the 
salt  Hence  L  «  CA,  where  C  represents  the  concentration  of  the  salt 
in  equivalents  per  cubic  centimeter  of  solution. 

Since,  in  accordance  with  Faraday's  law  and  the  laws  of  transference, 
flow  of  electricity  in  an  electrolyte  is  attended  by  a  corresponding  move- 
ment of  the  ion-constituents,  the  specific  conductance  of  a  solution  must 
be  equal  to  the  number  of  equivalents  of  the  ion-constituents  that  pass 
per  second  through  a  cross  section  of  the  solution  of  one  square  centimeter 
area  when  the  potential  gradient  is  one  volt  per  centimeter,  multiplied 
by  the  charge  (F  coulombs)  carried  by  one  equivalent.  Moreover,  the 
number  of  equivalents  of  any  ion-constituent  so  passing  must  obviously 
equal  the  product  of  its  mobility  U'  by  its  concentration  C  (expressed  in 
equivalents  per  cubic  centimeter).  Hence  the  general  expression  for 
the  specific  conductance  of  a  solution  containing  any  number  of  posi- 
tive or  negative  ion-constituents  A,  B,  . .  is 

L  -  nCjJJj,  4-  CbUb  +  .  .).•  (23) 

Certain  factors  upon  which  the  value  of  the  mobility  U^  of  any  ion- 
constituent  A  must  depend  will  now  be  considered.  In  the  case  in  which 
the  constituent  is  contained  as  only  a  single  kind  of  ion  (as  would  be  true, 
for  example,  of  either  constituent  of  potassium  sulfate,  if  it  be  assumed 
that  the  salt  is  dissociated  only  into  the  ions  K"*"  and  SO^"),  this  value 
must  evidently  be  determined:  (i)  by  the  fraction  7^^  of  the  constituent 
which  exists  in  the  state  of  ion,  and  (2)  by  the  mobility  U^±  of  the  ion 
itself;  for  it  is  only  the  free  ions  that  actually  move  under  the  influence 
of  the  electrical  potential  gradient.    That  is, 

Ua  -  TaUa^-  (24) 

for  the  case  that  there  is  present  in  the  solution  only  a  single  salt  which 
gives  rise  to  only  one  positive  ion  B"**  and  one  negative  ion  A",  a  combina- 
tion of  equations  (10)  and  (11)  yields  the  important  relation  : 

A-L/C-r(UB++U^-)F.  (25) 

In  this  equation  C  represents  the  concentration  of  the  salt  in  equiva- 
lents per  cc.,  A  its  equivalent  conductance,  and  y  its  ionization  (that  is, 
the  fraction  of  it  existing  as  free  ions).    This  equation  results  from  (23) 

^  Tbe  velocity  under  a  poteatial-gradient  of  one  volt  per  centimeter  is  designated 
tbtmobiUiy, 

*^ce  conductance,  unlike  transference,  is  not  essentially  a  directive  quantity, 
mobilities  will,  throughout  this  paper,  be  considered  positive  whether  the  ion  moves 
jtowvd  the  cathode  or  anode. 
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and  (24),  since  in  the  special  case  considered  C^  ■=  C3  =  C,  and  7-^  = 

Equation  (25)  may  be  written  in  the  still  simpler  form 

A  -  r(AB+  +  A^-)  (26) 

by  replacing  FU3+  and  FU^-  by  the  quantities  Ab+  and  A^-.  The 
quantity  A3+  or  A^-  may  be  called  the  equivalent  conductance  of  the 
ion  B"*"  or  A",  since  it  represents  the  conductance  of  that  volume  of  the 
solution  of  any  concentration  which  contains  one  equivalent  weight  of  the 
(free)  ion  B"*"  or  A",  when  placed  between  electrodes  one  centimeter  apart. 

As  the  concentration  of  the  salt  approaches  zero,  the  value  of  A  is 
found  to  approach  a  constant  maximum  value  A^,  obviously  in  conse- 
quence of  the  facts  that  y  approaches  unity  and  that  Aj,+  and  A^-  ap- 
proach a  constant  value.     Hence,  for  C  =  o, 

Ab++A^--A^.  (27) 

The  separate  values  of  the  mobilities  or  conductances  of  the  two  ions 
which  are  involved  in  equations  (25),  (26),  and  (27)  cannot  be  derived 
from  conductance  values  alone,  since  these  always  involve  the  sum  of 
the  two  quantities.  They  can,  however,  be  obtained  by  multiplying 
the  conductance  by  the  transference  number  T  of  the  ion-constituent  in 
question ;  namely : 

A  Tb  -  rPUB+  -  rAB+,  and  A^T^  -  Ab+.  (28) 

This  last  equation  is  of  much  importance,  as  it  enables  values  of  the  equiv- 
alent conductance  of  the  separate  ions  to  be  calculated. 

A  consideration  most  important  to  the  quantitative  development  of 
the  Ionic  Theory  is  the  question  of  the  upper  limit  of  concentration  at 
which  equation  (27)  can  still  be  regarded  as  substantially  accurate.  It 
is  commonly  assumed  that  it  can  be  so  regarded  so  long  as  the  solution, 
considered  as  a  viscous  medium  which  offers  a  certain  mechanical  resis- 
tance to  the  motion  of  the  ions  through  it,  does  not  differ  appreciably 
from  pure  water.  And  accordingly,  the  ionization  of  salts  up  to  moderate 
concentrations  is  commonly  calculated  by  the  equation 

r  =  A/Ao.  (29) 

This  equation,  unlike  the  preceding  ones,  involves  a  distinctly  hypo- 
thetical element.  While  the  inherent  probability  that  this  relation  holds 
true  so  long  as  the  viscosity  of  the  solution  does  not  differ  substantially 
from  that  of  pure  water  should  not  be  underestimated,  yet  the  possi- 
bility that  it  may  become  invalid  at  much  smaller  concentrations  should 
be  recognized,  especially  in  view  of  possible  effects  caused  by  the  electric 
charges  on  the  ions,  such  as  have  been  suggested  by  Sutherland.^  The 
calculation  of  the  ionization  of  salts  in  dilute  solution  from  the  conduc- 
tance ratio  A/Aq  should  therefore  be   considered  to  be  based  upon    a 

»  Phil,  Mag,,  [6],  14,  5-7  (1907). 
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hypothesis  which  has  a  high  degree  of  a  priori  probability,  but  which  must 
be  confirmed  by  testing  its  conformity  with  other  related  phenomena.  It 
is  to  be  noted,  moreover,  that  even  if  tue  ratio  does  not  have  the  signifi* 
cance  of  a  degree  of  ionization,  it  is  a  convenient  empirical  expression  of 
the  change  of  conductance  with  the  concentration,  without  reference  to 
the  ionization. 

Another  uncertainty  of  a  different  character  involved  in  the  calcula- 
tion of  ionization  from  the  conductance  ratio  arises  from  the  facts  that 
the  maximum  value  of  A  is  not  fully  attained  even  at  the  smallest  con- 
centrations at  which  accurate  measurements  have  thus  far  been  made, 
and  that,  therefore,  A^  must  be  obtained  by  extrapolation  from  the  A 
values  at  higher  concentrations.  The  best  that  can  be  done  is  to  base 
this  extrapolation  on  the  assumption  that  the  f  tmctional  relation  between 
equivalent  conductance  and  concentration  which  is  found  empirically 
to  hold  at  higher  concentrations  continues  to  hold  down  to  zero  concen- 
tration. Besides  the  possibility  of  inaccuracy  in  this  assumption,  there 
is  the  possibility  of  considerable  error  in  the  practical  application  of  it 
to  the  available  data,  especially  in  the  case  of  salts  of  the  higher  valence 
types  where  the  extrapolation  is  a  fairly  long  one.  This  practical  side 
of  the  question  will  be  discussed  in  a  later  siection  of  this  article. 

At  concentrations  so  great  that  the  viscosity  (39)  of  the  solution  differs 
appreciably  from  the  viscosity  (1^^)  of  pure  water,  it  is  to  be  expected, 
as  was  suggested  by  Arrhenius,*  early  in  the  history  of  the  Ionic  Theory, 
that  the  mobility  and  conductance  of  the  ions  will  decrease,  at  least  ap- 
proximately, in  the  same  proportion  in  which  the  viscosity  iiicreases; 
and  therefore  that  the  ionization  is  given  by  the  following  relation: 

r  =  Ai?/Aoi?o  (30) 

Although  this  correction  for  the  effect  of  the  viscosity  of  the  solution 
on  the  mobility  of  the  ions  can  not  be  an  exact  one,  there  is  little  doubt 
that  the  ratio  Ar^lA^i)^  gi\es  a  much  more  nearly  correct  measure  of  ion- 
ization at  moderately  high  concentrations  than  does  the  simple  conduc- 
tance ratio  A/A^ . 

In  justification  of  this  viscosity  correction  the  following  considerations 
may  be  presented*  In  the  first  place,  the  theoretical  relationship  of  the 
two  properties  is  a  close  one,  viscosity  being  essentially  the  frictional 
resistance  encountered  by  molecules  of  the  solution  in  moving  over  one 
another,  and  ion-mobility  being  determined  by  the  frictional  resistance 
encountered  by  ions  in  moying  oyer  the  molecules  of  the  solution.  Aside 
from  this,  moreover,  there  is  much  direct  experimental  evidence  that 
conditions  which  affect  the  viscosity  of  the  medium  affect  in  an  approx- 
imately inverse  proportion.  This  is  most  dearly  shown  in  the  case  of 
temperature,  the  effects  of  which  on  the  viscosity  of  water  and  ou  the 

^  Z.  physik.  Chem.,  9,  495  (1892).  I . .;.    .. ^  .  •    " 
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mobility  of  ions  in  dilute  aqueous  solution  are  approximately  the  same.* 
Thus  multiplying  the  viscosities  of  water  at  o°  and  i8*^  by  the  respective 
means  of  the  conductance  values'  for  the  univralent  ions  K**",  Na+,  Ag"*", 
CI",  NO3",  CIO3",  the  following  results  are  obtained: 

Ato'':    r)^A^  =  0.01793  X  35-17  =  0.630. 

At  iS^iTj^A^  =  0.01052  X  57.18  =  0.604. 
Furthermore,  it  has  been  shown*  that  for  five  uni-univalent  salts  in- 
vestigated at  18®,  100°,  and  156°  the  values  of  %Aq  are: 

At  18*^:    i^qAq  =  0.01052  X  113  =»  1. 19. 

At  100**:  i^qAq  =  0.00283  X  369  «  1.04. 

At  156**:  rj^A^  =  0.00179  X  566  =»  1. 01. 
The  form  of  the  viscosity  correction  has  recently  been  discussed  in  de- 
tail by  Washburn.*  Upon  the  basis  of  the  relation  between  the  changes 
in  ion-mobility  and  viscosity  produced  (i)  by  change  of  temperature  (as 
calculated  by  Johnston*),  (2)  by  the  addition  of  non-electrolyte  (as  shown 
by  the  experiments  of  Green*),  and  (3)  by  dissolving  the  same  salt  in 
separate  solvents  (as  shown  by  the  experiments  of  Dutoit  and  Duper- 
tbiiis^),  Washburn  suggests  for  calculating  ionization  the  equation 

He  shows  that  the  value  of  m  never  differs  from  tmity  by  more  than  0.2, 
and  that  the  ionization  values  up  to  0.5  normal  calculated  by  equations 
(30)  and  (31)  differ  in  the  cases  cited  by  him  by  only  2%,  while  those  cal- 
culated by  (29)  and  (30)  differ  by  nearly  9%  of  their  values. 

The  existing  evidence  may  therefore  be  said  to  lead  to  the  conclusion 
that,  so  far  as  the  viscosity  correction  is  concerned,  the  ratio  Aiy/A^iy^ 
furnishes  a  much  closer  approximation  to  the  true  ionization  values  thaji 
the  ratio  A/A^  and  one  suflSciently  close  for  most  salts  up  to  moderate 
concentrations,  such  as  0.5  normal;  but  that  equation  (31)  gives  a  still 
closer  approximation. 

Throughout  this  article  the  ratio  Arj/A^i)^  will  be  employed  as  a  measure 
of  ionization,  because  of  its  greater  simplicity  and  because  at  the  higher 
concentrations,  where  equation  (31)  would  give  an  appreciably  different 
result,  other  factors  doubtless  influence  the  ionization  values  to  a  far 
greater  extent. 

Entirely  aside  from  physical  effects  which  may  cause  the  mobility  of 

*  Cf.  Kohlrausch,  Proc.  Roy,  Soc.,  71,  383  (1903). 

'  For  the  ion-conductances  at  18^  aee  Table  'XIll  of  this  article;  for  those  at  o^ 
see  Johnston,  This  Journal,  31,  1015  (1909). 

*  This  Journal,  30,  342  (1908). 

*  Ibid.,  33,  1464-1474  (19x1). 
'  Ibid,,  3Z,  loio  (1909). 

*  J.  Ckem,  Soc.,  93,  2049  (1908). 
'  /.  cMm,  phys.,  6,  726  (1908). 
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the  ions  to  vary  with  increasing  concentration,  the  calculation  of  ioniza- 
tion from  the  conductance  ratio  or  the  conductance- viscosity  ratio  may 
lose  its  significance  owing  to  changes  in  the  chemical  composition  of  the 
ions. 

Of  such  possible  changes  the  simplest  is  a  decrease  in  the  hydration 
of  tbe  ions  with  increasing  concentration,  whereby  their  mobility  would 
presumably  be  increased.  Such  a  change  doubtless  takes  place  in  many 
cases  at  high  concentration,  but  probably  to  an  important  extent  only 
after  the  chemical  activity  of  the  water  in  the  solution  has  become  sub- 
stantially different  from  that  of  pure  water.  Now  the  vapor  pressure  is 
a  measure  of  the  active  mass^  or  activity'  of  the  solvent;  and  Raoult's 
law  gives  for  the  ratio  of  the  vapor  pressure  of  solution  and  pure  solvent 
the  expression  plp^  =  N^/(N^  +  iN),  where  N^  and  N  are  the  numbers 
of  mols  of  solvent  and  solute,  respectively,  and  i  is  the  mol-number 
of  the  solute.  Using  the  mean  values  of  i  given  for  the  uni-univalent 
salts  in  the  first  paper  of  this  series,"  the  values  p/p^  at  concentrations 
between  0.05  and  0.5  normal  are  found  to  be  as  follows: 

Concentration 0.05  o.i  0.2  0.5 

P/po 0.998  0.997  0.993  0984 

It  will  be  seen  that  the  change  in  activity  of  the  water  begins  to  be 
considerable  at  o.  i  normal,  and  that  it  becomes  much  larger  at  the  higher 
concentrations.  In  the  case  of  ions  which  form  relatively  unstable 
hydrates  (that  is,  such  as  are  in  a  state  of  partial  dissociation),  it  may 
therefore  be  expected  that  the  mobility  will  increase  fairly  rapidly  above 
o.  I  normal. 

A  second  important  chemical  change,  also  involving  the  solvent,  is 
hydrolysis,  which  takes  place  especially  in  the  case  of  salts  of  weak  acids 
or  bases.  This,  even  when  relatively  small,  is  likely  to  influence  seriously 
the  determination  of  the  Aq  value.  It  is  therefore  desirable  to  note  the 
relation  between  hydrolysis  at  different  concentrations  and  the  ioniza- 
tion constant  Kj^  or  K^  of  the  weak  add  or  base  which  may  be  involved. 

The  following  table  shows  the  percentage  hydrolysis  (100  A)  calculated 

1,2  tr 

by  the  approximate  mass-action   equation   r  =  .^  j^^ —    for  salts 

of  a  slightly  ionized  acid  (or  base)  and  a  nearly  completely  ionized  base 
(or  acid)  at  25°  (where  the  ionization  constant  of  water  K^  is  io~"). 

Kj^  or  Kb  .                       io~*.  io~*.  lo"*.  io~^  io~'. 

0,1  N 0.0032  o.oioo  0.0316  o.ioo  0.316 

0,01  N 0.0100  0.0316  o.ioo  0.316  0.995 

o.ooi  iV 0.0316  O.IOO  0.316  0.995  3. 1 1 

o.oooi  iV O.IOO  0.316  0.995  3. II  9.51 

*  See  Nemst,  "Theerctische  Chemie,"  4di  Ed.,  pp.  457,  633  (1903), 
"Lewis,  Proc,  Amer.  Aead.,  43,  279  (1907). 
'  This  Joxtrnal,  32,  1027  (1910). 
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In  the  case  of  salts  of  the  uni-bivalent  type  or  of  a  higher  valence  type, 
if,  as  seems  a  priori  probable,  the  intermediate  ion  is  present  in  considera- 
ble proportion,  the  conductance  ratio  or  conductance-viscosity  ratio 
must  lose  its  significance  as  an  exact  measure  of  ionization,  even  at  fairly 
small  concentrations.  Thus  if  a  salt  B^A  is  ionized  to  an  extent  y^  into 
B+  and  BA",  and  to  an  extent  /-j  into  2B"*'  and  A",  we  have 

A_      r»(AB+  +  A^-)  +  Mr.(AB+  +  Aba-)  .  ,. 

Ao  °  A3+  +  A^-  •  ^32; 

or 


''■=^'  +  ^^«y^rnvfr-  <33) 

The  factor  in  the  last  term  by  which  }4Ti  is  multiplied  is  probably  al- 
ways considerably  less  than  unity,  since  BA"  is  an  ion  of  smaller  valence 
and  of  greater  complexity  than  A".  Therefore,  since  the  equivalent 
concentrations  (0^+  and  C^-)  of  the  ions  B"*"  and  A"  are  really  equal  to 
the  equivalent  concentration  C  of  the  salt  multiplied  by  7^2+ Kr»  ^^^  by 
T'j,  respectively,  C^+  will  evidently  be  found  somewhat  too  small  and  C^- 
somewhat  too  large  if  calculated  in  the  usual  way  by  multiplying  C  by 
A/A^. 

Throughout  this  article,  however,  the  ratio  A/A^,  or  at  the  higher  con- 
centrations the  ratio  Atj/A^tj^,  will  be  called  the  ionization,  it  being  under- 
stood that  it  has  the  theoretical  significance  which  this  word  properly 
denotes  only  when  none  of  the  complicating  factors  which  have  been 
discussed  in  the  preceding  paragraphs  come  into  consideration. 

'  12.  The  Conductance  and  Viscosity  Data. 

In  the  preceding  papers  on  freezing  point  and  transference,  the  attempt 
was  made  to  summarize  all  the  existing  data  that  seemed  to  be  fairly 
accurate.  The  experimental  material  relating  to  conductance  is,  how- 
ever, so  extensive  that  a  complete  presentation  of  it  seems  superfluous. 
From  the  available  data  a  selection  has  therefore  been  made  with  the 
view  only  of  bringing  together  enough  of  the  best  results  thus  far  attained 
to  furnish  adequate  material  for  the  discussion  of  the  theoretical  rela- 
tions, which  forms  the  main  purpose  of  this  series  of  articles.  At  18** 
all  the  data  published  since  1898  by  Kohlrausch  and  his  associates  have 
been  reproduced,  as  well  as  those  obtained  by  the  workers  in  this  labora- 
tory; in  addition,  the  results  of  Wershoven  on  the  cadmium  salts,  and  a 
few  other  results  of  special  interest,  have  been  included.  At  25®  only 
such  data  have  been  used  as  seem  most  suitable  for  determining  the  equiv- 
alent conductances  of  the  separate  ions  at  that  temperature.  At  o®  the 
data  have  been  selected  with  the  ideas  of  furnishing  the  material  for  cal- 
culating the  change  of  ionization  between  o^  and  18°  and  the  ionization 
at  o^  of  those  salts  whose  freezing  points  have  been  determined. 
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The  following  tables  contain  the  experimental  values  of  the  equiva- 
lent conductance,  expressed  in  reciprocal  ohms  per  equivalent  per  cubic 
centimeter,  Kohlrausch's  values  being  corrected  so  as  to  conform  tm  the 
international  atomic  weights  for  191 1.  Tables  VIII  and  X  have  been 
divided  for  convenience  into  two  parts:  the  first  part  includes  the  data 
for  the  concentrations  from  o  to  5  millinormal,  up  to  which  the  viscosity 
of  the  solution  is,  with  the  few  exceptions  noted,  identical  with  that  of 
water  within  0.1%;  the  second  part  includes  the  data  for  the  higher  con- 
centrations, the  equivalent  conductance  A  being  always  given  for  each 
salt  in  the  first  row,  the  viscosity  ratio  tj/t)^  (represented  in  the  tables 
by  7})  being  given  in  the  second  row,  and  the  product  of  the  conductance 
by  the  viscosity  ratio  Ai^/iy^  being  given  in  the  third  row.  The  figures 
within  parentheses  following  the  formula  of  the  salt  refer  to  the  notes 
at  the  end  of  the  tables,  which  show  the  source  from  which  the  data 
in  the  same  row  were  obtained. 

Yablb  Villa. — Valubs  or  the  Equivalent  Conductancb  at  18®  at  Concbntra- 

TIONS  O  TO  5  Mn^LI-BQUIVALENTS  PER  LiTSR. 


Conocntratioii 

0. 

0.1. 

0.2. 

0.5. 

1. 

2. 

5. 

NaCl 

(I).. 

108.9 

108.03 

107.75 

107 . 1 1 

106.42 

105.48 

103.71 

KCl 

(I).. 

130.0 

129.00 

128.70 

128.04 

127.27 

126.24 

124.34 

LiCl 

(I).- 

.      98.8 

97.96 

97  67 

97.01 

96.34 

95.44 

93.75 

* 

RbCl 

(3).. 

•     133.0 

132.3 

«   •   •   * 

•    •    •    • 

130.3 

>    •    «    • 

•    •    •    • 

CsCl 

(3).. 

■     133.5 

132.2 

131. 9 

131.24 

130.54 

129.38 

127.33 

TlCl 

(3).. 

.      131. 4 

130.33 

130.00 

129.18 

128.23 

126.81 

123.73 

NH.Cl 

(7a). 

130.2 

•    •    *    • 

•    •   •   • 

■     •    ■     « 

•    •   •   * 

126.5 

•    •    •    ■ 

KBr 

(3). 

132.2 

131  05 

130.76 

130.05 

129.28 

128.22 

126.31 

KI 

(3). 

I3i» 

129.76 

129.50 

128.97 

128.25 

127.21 

125.33 

KSCN 

(3). 

131. 2 

120.13 

119. 93 

119.29 

118.55 

"7-57 

115-73 

KF 

(3). 

III. 2 

110.37 

110.13 

109.48 

108.80 

107.82 

106.07 

NaF 

(3). 

90.1 

89.24 

88.95 

88.39 

87.76 

86.89 

85-17 

TIF 

(3). 

112.6 

114.38 

114.64 

"4. 45 

"3.25 

111.29 

108.18 

NaNO, 

(I). 

105.2 

104.45 

104.09 

103.53 

102.75 

101.80 

99-97 

KNO, 

(1). 

126.3 

125.40 

125.08 

124. 34 

123.55 

122.50 

120.38 
c          « 

LINO, 

(I). 

951 

• 

94  30 

93  99 

93  36 

92.71 

91.81 

\90.i8 
I90.3* 

TINO, 

(3). 

••      127.7 

126.63 

126.30 

125.61 

124.70 

123.48 

121.11 

AgNO, 

(3). 

..      115.8 

11501 

114.56 

113.88 

"3.14 

112.07 

110.03 

KQO, 

(3). 

119. 6 

118.63 

"8.35 

117.68 

116.92 

115.84 

113.84 

KBrO, 

(5). 

112. 1 

•   ■  •   • 

•   •  •   • 

•   •   «   • 

109.9 

108.7 

106.9 

NalO, 

(2).. 

■.       77.4 

76.69 

76.44 

75.83 

75  19 

74-30 

72.62 

KIO, 

(2). 

..       98.5 

97.64 

97.34 

96.72 

96.04 

95  04 

93-2 

UIO, 

(2). 

67.3 

66.66 

66.43 

65.87 

65  27 

)64.43 
)64.5* 

62.89 
63.0* 

UQ 

(6).. 

. .     380.0 

378.1 

377.8 

377.0 

375.9 

375-3 

372.6 

HNO, 

(6). 

..     376.5 

•   •  •   • 

•   ■  •  • 

373.9 

372.9 

371.4 

• 

•   «  •   • 

BaCl, 

(4). 

120.9 

•   •  •   ■ 

•  •  •   • 

117.01 

115.60 

•   •  •   • 

•    ■   •    ■ 

CaCl, 

(4). 

..     117.4 

115.17 

"4-55 

"3. 34 

111.96 

110.07 

S 106.70 
) 106.8* 

*  Corrected  for  viscosity. 
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Table  Villa  (continued). 


Concentration. 

0. 

0.1. 

0.2. 

0.5. 

1. 

2. 

5. 

MgCl^ 

(4).-. 

Ill  .4 

T09.43 

108.87 

107.68 

106.35 

5104.52 
J  104.6* 

loi .  30 
lOI  ,4* 

PbCl, 

(5).-. 

126.3 

■   ■   •   • 

•    •    •    • 

•    •    •    • 

119. 15 

II5-8 

109.2 

CdCl, 

(8)... 

III. 9 

•   •   •   • 

■    •    •    * 

•    •    •    • 

104.2 

99.7 

89.9 

CdBr^ 

(8)... 

114. 1 

•   •  •   ■ 

•    •    •    f 

«    •    •    • 

102.3 

97.9 

85.5 

Cdl, 

(8)... 

113-0 

■   •   «   • 

*    •    •    • 

•    •    •    • 

97.5 

91.4 

76.3 

Ba(N03)a 

(4)... 

117. 2 

115-32 

114.65 

113.30 

III. 72 

X09.50 

105.29 

Sr(NO,), 

(4)-.. 

"3-7 

III. 74 

I I I. 07 

109.76 

108.31 

106.35 

102.74 

Ca(NO,), 

(4)... 

II3-7 

III. 91 

III  .  19 

109.93 

108.49 

106.54 

103.07 

Mg(Nb.), 

(5)... 

107.7 

•   •   •   • 

•    •    fl    • 

•    •    •    « 

102.6 

100.8 

97.7 

Cd(NO,), 

(8)... 

108.2 

•  •  •   ■ 

•    •    •    • 

•    •    ■    ■ 

107.8 

105.4 

99.2 

Pb(NO,), 

(4).-. 

122.6 

120.73 

119.94 

118.08 

116. 13 

113.54 

108.68 

Ba(BrOa)a 

(5)... 

103.0 

•   •  «   • 

«    •    «    • 

•    fl    •    • 

97.5 

95-5 

91.9 

K^O, 

(4).. 

'     133.0 

130.7 

130.0 

128.5 

126.9 

124.6 

120.3 

Na^O^ 

(9).. 

III. 9 

109.3 

108.3 

106.7 

105. 1 

103.5 

99.8 

Li^O, 

(4)... 

101.8 

•   •  ■   • 

•    •    •    • 

97.71 

96.27 

•   •  •  • 

■    ■    •    • 

Tl^, 

(5)... 

134.4 

•   •  •   • 

•    •    •    ■ 

•    •    •    • 

127.35 

124.2 

118. 4 

Ag^O, 

(5)... 

122.5 

•  •  ■   • 

•    •    •    ■ 

«    •    •    • 

X16.3 

113-6 

108.4 

K,C,0, 

(4).. 

•     127-5 

125.09 

124.83 

123.82 

122.43 

120.46 

116.73 

MgSO, 

(4).. 

.     114. 4 

109.90 

108.07 

104 . 2 I 

99.89 

)94.i4 
(94-2* 

84.53 
84.7* 

ZnSO^ 

(4).. 

•      II5-5 

109.7 

107.7 

103.5 

98.6 

592.2 
^92. 3* 

81.9 
82.0* 

C^SO^ 

(4)-. 

.     114. 9 

109.84 

107.60 

102.93 

97.72 

90.92 

79.70 

CUSO4 

(4).. 

.     114. 4 

109-95 

107.95 

103 . 56 

Q8.56 

)9i.94 
)92.o* 

.  80.98 
81.  I* 

MgCA 

(4).. 

109.0 

94-5 

87.0 

74-5 

63.4 

51.4 

38.2 

K^FeCCN). 

(II).. 

.      159.5 

•   •   •    • 

•   •   «    ■ 

137.0 

•  •  ■   • 

Ca,Fe(CN). 

(II).. 

.     147.0 

■    ■   •    • 

■   •  •   • 

75-5 

•   •  •  • 

La(NO,^,  . 

(II).. 

122.8 

■    •   •    • 

•     a     •     • 

no. 8 

•  «  •  • 

La,(SOJ, 

(II).. 

.     129-5 

•   •   •   « 

■     •     •     • 

60.1 

•  •  •  • 

K,Cfifi, 

(II).. 

124.6 

120. 1 

■     ■     »     • 

115. 4 

109.9 

The  Aq  values  at  i8®/»  given  in  the  tables,  were  obtained  as  follows: 
For  the  uni-univalent  salts  for  which  Kohlrausch  gives  accurate  results, 
the  values  of  A_  given  by  him*  have  been  adopted  (after  correcting  them 
for  the  change  in  atomic  weights).  For  the  remaining  uni-tmivalent 
substances  and  for  the  salts  belonging  to  higher  types,  the  A^  values 
were  found  by  tlie  graphical  method  commonly  employed  in  this  labora- 
tory, which  consists  in  plotting  the  values  of  i/A  for  concentrations  up 
to  0.02  normal  as  abscissas  against  those  of  (CA)*'*  as  ordinates,  the 
values  of  (n — i)  being  varied  until  a  straight  line  is  obtained  (or  as  nearly 
a  straight  line  as  possible) ;  and  reading  from  this  plot  by  extrapolation 
to  CA*  =  o,  the  value  of  i  / A^ . 

The  Aq  values  at  0°  were  also  obtained  by  the  same  extrapolati<»tx 

*  Corrected  for  viscosity. 

*  See  Landolt-BSrnstein-Meyerhoflfer's  Tabellen,  p.  744. 
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Table  IXa. — Values  of  the  Equivalent  Conductance  at  o®  at  Concentrations 
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Tablb  IXa  (coniinuetl). 
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Tablb  1X6. — Values  of  thb  Equivalbnt  Conductancs  at  o®  at  Concsntrations 

20  to  1000  mllli-bquivalbnts  pbr  litbr. 
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results  are  given  in  arbitrary  conductance  units.    Additional  values  are 

•  0.2;  75.6  for  C  —  0.1, 

results  are  given  in  arbitrary  conductance  units.    Additional  values  are 


94.3  for  C  -*  0.2:95.1  for  C  *  o.  I. 
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Tabus  1X6  (continued). 
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32.3 

33.7 

31. 1 

54.0 

54.4 
58.2 

17.2 

24.1 
23.3 
24.1 


100. 
59-3 

•  *  ■  • 

30.9 
30.8 

28.2 
27.7 

29.6 

26.2 

49.9 
50.2 

53.0 

14.4 

21.9 
21.2 

21.6 


200. 
55.8 

•    •    •    • 

27.0 
26.5 

243 
23.6 

25.7 
22.4 

46.0 

43-5 
48.8 

12. 1 

20.6 
20.0 

20.0 


500. 


1000. 


22 
21 

19 
19 

21 
18 


19 
18 


3 

2 
I 

o 

7 
3 


17 

15 
15 

16 
15 


o 
4 


18 
17 


9 
9 

3 
o 


4 

2 


Tabls  Xa. — ^Values  op  the 

OTO 
OoncentratioiL 


Equivalent  Conductance  at  25®  at  Concentrations 

5  MiLU-EQUIVALENTS  PER  LlTER. 


NaCl 

KQ 

KI 

KNO, 

KBrO, 

Ha 

HNO, 
PbCl, 


(i5)(5) 

(15)... 
(16)... 

(II)... 

(5)... 
(5)... 
(7)... 
(5)... 


Mg(NOJ,        (5), 


Ca(NO0,  (II). 

Ba(BrCW,  (s) 

KJSO,  (IS). 

Nj^SO,  (15). 


Tl^.  (5) 

AggSO,  (5) 

K,C.O,  (II) 

K,Fe(CN),    (15) 

Na,Fe(CN)e  (15) 

Ca,Fe(CN)e  (11) 

La(NO,),      (II) 

La,(SO0,      (II) 

K,CH.O,      (II) 

*  Corrected  for  viscosity 


0. 
127.0 
150.6 

151. 3 

145.4 
129.6 

426.0 

420.0 

147.0 

125.6 

130.6 
120.0 
154 -8 

131. 2 

156.0 

143.4 

147.5 
185.0 

162.0 

171. o 

142.6 

152.0 

144.5 


0^ 


0.5 


1. 
I 


•     •     •                                      ■     •     • 

*'*'»• 

•  •    •                                •    •    • 

•  mm                               •    •    ■ 

■     •    • 

147. 

•  *    •                                ■    •    • 

•  •    •                                •    •    ■ 

126. 

•    •    •                                •    •    • 

420. 

417.0 

•     •     • 

•     •     •                                   a     •    • 

138. 

•     •    •                                   •     ■     ■ 

1x9. 

•  •    •                                   •     •    • 

•  •    •                                   •     ■     ■ 

•  •    ■                                   •    •    • 

•  *    « 

113. 

•  •    • 

■     •    •                                   ■     •    • 
•     •    ■                                   •     •    • 

•     •     • 

147. 

•     ■     •                                   •     •    • 

135. 

•     •    •                                   •     •    • 

173. I 

150.7 

•     •     •                                   •     ■     ■ 

•     •    •                                   •    •    • 

139.4 

9 

4 

7 
5 


8 
7 


2. 

123.05 

146.55 

146.7 

140.7 

125.6 
418.6 

413.7 
134.5 

I17.4 

123.7 
III. 2 

144.8 
122.3 

144.2 
132.6 
139.2 
160. 1 

140.5 
86.2 

128.9 

67.9 

134.5 


1 


i 


5. 
121. 0 

143.95 

144.5 

.  •  « 

123.4 

415.3 

.  •  • 

126.8 

113. 7 
113. 8* 

•  *   • 

106.95 
139. » 
117.45 

117. 6i* 

137.3 
126.3 

... 

146.9 
129.6 


128.2 
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method  that  was  used  at  18^  for  those  substances  for  which  an  appar- 
ently accurate  series  of  data  was  available.  Another  procedure  for  ob- 
taining the  A^  values  at  o^  was  also  employed.  This  consisted  in  using 
the  quadratic  equations  which  Kohlrausch*  derived  from  the  conduc- 

^  SiUntngsber,  k&nigl,  Preuss,  Akad.,  X90X,  1026. 
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tance  measurements  of  D^guisne  at  2^,  10^,  18^,  i6^  and  34^,  and  wbich 
express  the  A^  values  for  the  salts  at  various  temperatures  in  terms  of 
the  Ao  values  at  18^  and  specific  temperature  coefficients.  Prom  them 
the  Ao  values  given  in  Table  IX  opposite  the  reference  number  (17) 
were  calculated. 

The  Aq  values  for  the  substances  shown  in  Table  X  at  25  ^  were  obtained 
in  collaboration  with  Dr.  W.  C.  Bray  by  plotting  the  values  of  i/A  and 
(CA)*"^  and  extrapolating  as  already  indicated,  and  also  by  taking  into 
account  the  fact  that  ionizations  calculated  with  them  for  25^  should  not 
differ  materially  from  ionizations  calculated  for  18^,  for  which  tempera- 
ture a  reliable  series  of  A^  values  is  known. 

The  viscosity  data  given  within  parentheses  in  the  tables  were  de- 
rived from  the  nearest  measured  value  with  the  aid  of  the  exponential 
function,  i^/iy^  =  k^C  or  log  (ri/Tj^)  =  kfi,  where  C  is  the  concentration 
and  k^  or  k^  is  a  constant  calculated  from  the  meastu'ed  value.  The  values 
given  in  Table  VIII5  were  based  on  measurements  at  or  near  18^,  except 
those  of  Wagner  (reference  (21))  which  were  made  at  25^.  These  values 
were  asstuned  to  be  the  same  at  18°  and  were  used  in  correcting  the  con- 
ductance values  at  18®,  except  in  the  case  of  cesium  and  rubidium  chlor- 
ides, whose  viscosities  were  corrected  to  18°  by  means  of  the  same  tempera- 
ture coefficient  which  potassium  and  ammonium  chlorides  have  been 
found  to  have: 

13.  Ionization  Values  at  18  ^. 

Tabls  XI. — ^Values  of  the  Fbrcbntagb  Ionization  (100  Ai^/Aqtio)  at  18®. 


Conoentration. .  .  1 

NaCl 97 

KCl 97 

LiCl 97 

RbCl 98 

CsCI 97 

TlCl. 97 

KBr 97 

KI 97 

KSCN 97 

KF 97 

NaF 97 

TIP 

NaNO, 97 

KNO, 97 

LiNO, 97 

TINO, 97 

AgNO, 97 

KBrO, 98 

KCIO, 97 

NalO, 97 

KIO, 97 

UIO, 97 


2.  t 

96.9  95 

97 • I  95 

96.6  94 


7 
9 
5 

8  96.9  95 

6  96.5  94 
8  97.0  95 
8  97.0  95 
8  97.0  95 
8  97.0  95 

4  96.4  94 
9^ 

7  96.8  95 

8  97.0  95 

5  96.5  95 
7  96.7  94 

7  96.8  95 

0  97.0  95 

8  96.9  95 

1  96.0  93 

5  96.5  94 

o  95.8  93 


3 
6 

9 

• 

4 

2 

5 
6 

5 

4 

5 
I 

o 

3 


4 

2 

9 
6 


10. 

20. 

50. 

100. 

200. 

500. 

1000. 

93.6 

91.6 

88.2 

85.2 

81.8 

77-3 

74-^1 

94.1 

92.2 

88.9 

86.0 

82.7 

77-9 

74.2 

93-2 

91. 1 

87.8 

84.6. 

81.2 

76.6 

73.7 

94.2 

•   ■  •   • 

■   ■  ■   ■ 

855 

•    •    ■    • 

■   •  •   • 

74.8 

93-7 

«   ■   •   • 

•  •  •   ■ 

84.7 

•    •    •    • 

■   •  •  ■ 

•    •   •    ■ 

91.5 

•   ■  ■   ■ 

•   •  •  • 

•    •    •    • 

•    •    •    • 

■   •  •   • 

•   •  •   • 

94.0 

92.1 

88.8 

85.9 

82.5 

76.6 

•   ■   •    • 

94.1 

92.2 

89.0 

86.9 

•    •    •    • 

77-3 

72.7 

94  0 

92.0 

88.8 

86.0 

■    •    •    • 

•     ■     •     a 

•   •   •   • 

93-7 

915 

87.8 

•     •     •     a 

«    •    ■    ■ 

•     •     •     • 

•   •   •    • 

92.5 

89.9 

85.4 

•     •     •     • 

■    ■    •    • 

•     •     ■     • 

«   •   •    ■ 

93.6 

90.8 

86.5 

•     •     ■     • 

•    •    •    • 

•     •     •     • 

•   •  •    » 

93.2 

91.0 

87.1 

83.2 

78.8 

71.9 

66.0 

93.5 

91. 1 

86.7 

82.4 

77.2 

68.8 

61.3 

93-2 

91. 1 

87.4 

84.0 

80.3 

75.0 

70-3 

92.6 

•  •  •  • 

84.3 

78.8 

•    •    •    • 

•   «  •  • 

•   •   •   « 

93.1 

90.8 

85.9 

81.4 

•    •    •    • 

68.3 

61.7 

93.4 

91.0 

86.8 

83.0 

■    •   •    • 

.... 

•   «  •    • 

93.3 

91.0 

86.6 

82.7 

78.0 

70.3 

■   ■   •   • 

91.7 

89.0 

84.2 

80.1 

75-2 

■  •  •  • 

«   «   •   • 

92.8 

90.3 

86.0 

81.9 

77-5 

•  •  •  « 

•  •  •   • 

91.2 

88.3 

83.4 

78.9 

74.0 

68.3 

6«.3 
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CooccntratiotL .  1.  2. 

HCl 99.0  98.8 

HNO, 99.2  98.7 

BaCl, 95.6     

CaCl, 95.4  93.8 

MgCl, 95.5  93.9 

PbCI. 94-3  91.7 

CdOa 93.1  89.1 

CdBr, 89.7  85.8 

Cdl, 87.0  80.9 

Ba(NOJ,....  95.3  93.4 

Sr(NO,), 95.3  93.5 

Cft(NOJ, ....  95.4  93.7 

Mg(NOJ,....  95.3  93.6 

Pb(NOJj 94.7  92.6 

Cd(NOJ, ....  99.6  97.4 

Ba(BrO,),...  94.7  92.7 

KjSO* 93.4  93.7 

Na^SO^ 93.9  92.5 

U^4 94-6     

T]gSO« 94.8  92.4 

AaSO^ 94.9  92.7 

KAO^ 96.0  94.5 

MgS04 87.3  82.3 

ZnSO, 85.4  79.9 

CdSO« 85.0  79.1 

CuSO« 86.2  80.4 

MgC,p4 58.2  47.2 

C- 

K^c(CN), 85.9 

La(NO,), 90.2 

KgCJHfOy 92  *  ^ 

LogCSOJa 46.4 

Ca,Fc(CN). 51.4 


TablS  XI  (continued), 

5.  10.        20.         50. 

98.x    97.2    96. s    94.4 


•  •  •  • 

■  •  •  • 

91.0 
91.0 
86.5 
80.3 

74.9 
67.5 
89.8 

90.4 

90.7 

907 
88.6 

91.7 
89.2 

905 
«9-3 

.... 
88.2 
88.5 

91.6 
74.0 
71.0 
69.4 
70.9 

35  o 


88.2 


97.0 

88.3 
88.2 

88.3 
80.8 

73.5 
66.1 

57-3 
86.1 
87.1 
87.6 
88.0 

84.5 
87.1 

85.6 

87.2 

85 -7 

85.4 

83.7 
84.0 

88.6 
66.9 

63.3 
61.4 

62.9 

27. 3 
12.5 

71.2 

80.2 

81.7 

28.9 

33.9 


85.0 
84.9 
85.1 
73.8 
66.4 

57.3 
46.9 

81.8 

833 
83.8 
84.7 

79.3 
84.8 


94.0 

79.8 
80.2 
80.3 
62.7 

55-9 


100. 

92.5 
92.1 

75-9 
76.4 

76.5 


200.        500.      1000. 


72.0     67.2      64.2 

72.7  68.6    66.2 

72.8  68.7     66.9 


45.3    37-5     28.9     21.7 


74.4  67.9  60.9  30.4  .... 

77.0  71.9  66.1  57.9  51.1 

78.1  73.1  67.9  60.9  54.9 
79.9  76.0  72*1  ••••  .... 
70.8  63.5  55.9  45-4  37-7 

79.2  73.1  68.4  62.8  57.7 


01  .^ 

83.2 

»  •   ■  • 

771 

•  •  • . 
72.2 

67.3 

61.8 

...» 
59.2 

•    •    •    • 

75.6 

70.4 

65.2 

• . .  • 

81. 1 

74.4 

68.8 

63.3 

56-7 

5a. 8 

78.0 

69.4 

62.5 

56.1 

•      •      •      • 

78.4 

•  •  •  • 

•  •  ■  • 

•   ■  •  • 

•      •      #      V 

84.9 

79-5 

75-3 

71. 1 

^.3 

59.6 

50.6 

44.9 

40.3 

34.9 

55-6 

46.4 

40.5 

36.0 

30.9 

53-4 

43.7 

37.7 

33.2 

29.0 

27.7 

55.0 

•  •  •  • 

45-5 

•  •  •   ■ 

39.6 

•  •  •  • 

35.1 

• .  •  ■ 

30.9 

■      •      •       • 

59.1 

53-8 

49.8 

70.1 

•  •  •  • 

•   •  •  • 

70.5 

•   •  •   • 

•  •  •   ■ 

19.8 

•   •  •   • 

■  •  •   • 

26.2 

•   •  •  • 

■  •  •  • 

14.  Discussion  of  the  Ionization  Values  at  i8^. 

A  study  of  the  data  of  Table  XI  leads  to  the  foUowing  conclusions  in 
r^;ard  to  the  relations  between  the  degree  of  ionization  and  the  chem- 
ical composition  and  valence  type  of  the  salts. 

1.  All  the  chlorides,  bromides,  and  iodides  of  all  of  the  alkali  elements 
have,  even  up  to  normal  concentration,  ionization  values  which  are  approx- 
imately identical,  the  variations  from  the  average  value  scarcely  ever 
exceeding  1.5%  of  that  value. 

2.  The  nitrates  of  the  alkali  elements  and  potassium  chlorate  and  bro- 
mate  form  another  group  for  which  up  to  o.i  normal  the  ionization 
values  are  almost  identical  (the  variations  not  exceeding  1%). 


•    •   •   •  •    • 


•   •  ••••  ••• 


476  A.   A.   NOYBS  AND  K.   G.   FAI^K. 

3.  The  chlorides  of  magnesium,  calcium,  and  barium  form  a  third  group 
whose  members  have  within  1%  the  same  ionization  up  to  o.  2  normal. 

4.  The  two  acids,  hydrochloric  and  nitric,  have  also  substantially  the 
same  ionization  values  at  all  concentrations.  These  are  much  larger 
than  those  for  the  uni-tmivalent  salts. 

5.  The  average  values  for  these  four  groups  of  substances  at  various 
equivalent  concentrations  are  as  follows: 

Cone 1.  2.  5.  10.  20.  50.  iOO.  200.       500.       1000. 

I.    M+X"" 97.8  96.9  95.4  93.8  91.8  88.5  85.5  82.1     77.1     73.9 

II.    M+YO,~ 97.8  96.8  95.2  93.3  91.0  86.9  83.1  

III.  M++CI,-...  95.5  93.9  91.0  88.3  85.0  80.1  76.3  72.5 

IV.  H+A" 99.1  98.8  98.1  97.1  96.2  94.2  92.3 

6.  Of  the  other  uni-univalent  salts,  potassium  sulfocyanate  up  to  o.  i 
normal  has  values  conforming  to  those  of  Group  I;  and  those  for  sil- 
ver nitrate  coincide  with  those  of  Group  II  up  to  0.02  normal,  but 
become  considerably  smaller  at  higher  concentrations.  Thallous  chlor- 
ide and  thallous  nitrate  have  much  lower  values  than  the  corresponding 
salts  of  the  alkali  elements;  thus  thallous  chloride  has  a  2.5%  lower 
value  at  o.oi  normal,  and  thallous  nitrate  a  5.5%  lower  value  at  o.i 
normal. 

7.  The  nitrates,  of  the  univalent  elements,  and  still  more  markedly, 
those  of  the  bivalent  elements,  exhibit  a  steady  decrease  in  their  ioniza- 
tion values,  as  the  atomic  weight  of  the  metal  increases.  Thus  at  o .  i 
normal  the  values  are: 

H.                  LL                  Na.  K.  Ac.                  C».  TL 

92.1               84.0              83.2  .    82.4  81.4  80.8^  .    78.8 

Mg.  Ca.  St.                   Ba.  Pb. 

76.0  73.1  71.9  67.9  63.5 

8.  In  the  case  of  the  sulfates  the  order  of  decreasing  ionization  is  re- 
\ersed  for  the  alkali  elements,  but  tuese  have  values  which  are  much 
larger  than  those  for  silver  and  thallium  sulfates.  Thus  at  o .  i  and  o .  02 
normal  the  values  are: 

Cone.  K.  Na.  Li.  Ag.  Tl. 

O.I  72.2  70.4  68.8  ....  62.5 

0.02  83.2  81.7  81. 1  78.4  78.0 

9  The  chlorides  and  iodates  of  these  univalent  metallic  elements  ex- 
hibit differences  in  the  same  direction  as  the  sulfates,  but  of  much  smaller 
magnitude. 

10.  The  sulfates  of  the  periodic  group  embracing  magnesium,  zinc, 
and  cadmium  show  decreasing  ionization  in  the  order  named.  Copper 
sulfate  has  nearly  the  same  value  as  zinc  sulfate. 

11.  The  ionization  values  for  the  salts  of  the  alkali  and  alkaline  earth 
elements  are  related  to  the  nature  of  the  anion  as  shown  by  the  following 

♦  Value  at  o**. 


PROP91tTlB8  OF  SAI/T  SOLUTIONS,     m.  477 

grouping — ^the  anions  in  the  same  horizontal  row  having  substantially 
the  same  influence,  and  those  in  any  row  giving  rise  to  larger  ionization 
than  those  in  the  row  beneath : 

a.                              Br.                               I.                            SCN. 
NO,  QO,  BrOg  

i>^Jm  •■•■  ■•••  ■••• 

12.  A  consideration  of  all  these  results  shows,  however,  that  in  general 
ionization  is  not  an  additive  property  with  respect  to  the  ion-constitu- 
ents; also  that  its  value  is  not  related  to  those  of  the  mobilities  of  the 
ions. 

13.  The  relation  of  the  ionization  value  to  the  valence  type  of  the  salt 
is  illustrated  by  the  following  figures,  which  represent  the  average  and 
limiting  values  at  18^  of  the  ionization  at  0.05  normal  and  0.05  formal^ 
of  the  uni-univalent  and  uni-bivalent  salts  of  the  alkali  and  alkaline 
earth  elements  (including  magnesium)  and  of  a  variety  of  salts  of  still 
higher  types. 

lonizatioB  at  0.05  aomuU.  loaisatkm  at  0.05  fomud. 


Valoice 
product. 

Average. 

ATerage. 

MlnlimttB^ 

I  X  I 

S7.0 

89.0 

83.4 

87.0 

89.0 

83.4 

2  X  1 

77.8 

80.3 

74.4' 

731 

76.5 

67.9 

3X  I 

70.3* 

70.5 

70.1 

61.0" 

■   •  •   ■ 

•    •    ■    a 

4X  I 

58.4* 

59.0 

57-7 

48. 8« 

49.8 

47.8 

5X  I 

.  •  •  . 

•  •  • . 

a     •     •     • 

40. 6« 

.  ■  •  • 

•  •  .  . 

2X2 

46. 6« 

506 

43.7 

40.7* 

44.9 

37-7 

14.  The  average  percentages  unionized  at  0.05  formal  for  the  di£ferent 
types  and  the  ratio  of  these  to  the  valence  products  (v^v^)  are  as  follows: 

Vi9^  1x1.  2x1.  3x1.  4x1.  5x1.  2x2. 

I— r 130  26.9  39.0  51.2  59.4  59-3 

(I — r)AA —    13-0        13-5        13-0        «2«8        "9        148 

15.  Comparison  of  the  Ionization  Values  at  o^  and  i8^. 

Table  XII  contains  the  values  of  the  ratio  looA/A^  at  18°  and  o^. 
Since  its  purpose  is  to  show  the  relative  values  of  the  ionization  at  these 
two  temperatures,  and  since  few  viscosity  data  at  o^  are  available,  the  vis- 
cosity correction  has  not  been  applied  at  either  temperature.    This  cor- 

'  By  0.05  formal  is  tneant  a  solution  containing  0.05  formula-weights  of  salt  per 
liter  of  solution. 

'  Thallous  sulfate,  lead  nitrate  and  lead  chloride  have  at  0.05  normal  the  much 
lower  values  69.4,  70.8  and  62 .7,  respectively. 

'  Average  for  K,CaH»Oy  (potassium  citrate)  and  La(NO|),,«  uncorrected  for  vis- 
cosity. 

^  Value  for  El«Fe(C^)e  and  for  Na4C,|H,0,Q  (tetrasodium  benzenepentacarboxylate), 
interpolated  from  the  values  of  Noyes  and  Lombard  (This  Journal,  33,  1433  (1911)). 

*  Value  of  Na,C,|HO,o,  pentasodiimi  benzenepentacartx>zylate  (Noyes  and  Lom 
bard,  Loe,  cit,). 

*  Average  for  HgS04,  ZnSO«,  CdS04,  CuS04. 
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Tablr  Xn. — ^Ionization  Valuss  at  o^  and  i8^  (Uncorsscted  po&  Viscosiry). 


KCl 

it 

NaCl 
«< 

LiCl 
«< 

KI 
<« 

NaNO, 
«« 

KNO, 
AgNO, 


OS 


I8^. 

i8*». 
o 

18** 
o*» 

i8^ 

i8*» 
o 

i8** 
o 

i8^ 


oi 


04 


«« 


.Of 


Kao, 
<« 

Bad, 
«< 

Ba(NO0, 


18®. 

or 

i8*». 
o 

18** 


ot 


*t 


Sr(NOJ. 

II 

Na^4 

MgSO« 
« 

CuSO« 


04 


18°. 
©*» 

o 

18^ 
o*» 

18** 
o 

18^ 


of 


II 


\ 


10. 

50. 

100. 

20a 

300. 

94.1 

89.0 

86.1 

83.0 

78.7 

94.4 

89.9 

87 

3 

84.6 

81.7 

93-6 

87.8 

«  •  1 

*    m 

«  •  •  • 

•   •   ■    • 

93.6 

88.2 

•  •  4 

1    • 

a     •     •     • 

•    *   «    • 

93.1 

87.0 

83. 

3 

78.7 

715 

•  •  •  • 

87.8 

84. 

7 

80.2 

73.0 

•  •  •  • 

89.4 

■  • 

1  • 

•    •    ■    • 

•  •  •  • 

90.2 

■     V 

»  • 

«    •   •    • 

93.2 

86.8 

•    ■    « 

• 

•    •    •    • 

93.3 

87.4 

■       •      4 

1  • 

•   •    •    • 

93.5 

86.9 

82. 

9 

•    ■   «   • 

93-3 

87.2 

82. 

9 

1 
■    •   •    • 

93.1 

85.9 

81. 

4 

66.9 

93.5 

86.1 

80 

.2 

74  0 

66.7 

93.2 

86. z 

.   •  < 

k  • 

•   •   ft    • 

93.4 

86.7 

82. 

9 

78.9 

•    •   »   • 

92.7 

86.5 

82 

3 

76.7 

•    •   •    • 

88.2 

79.4 

•       •      1 

1  • 

• .  • . 

•    •    •    • 

88.6 

80.4 

•       • 

»  • 

.  •  • . 

A      •      ■      • 

85.4 

74.1 

67. 

4 

59-9 

•      •     ■      • 

86.8 

73-5 

66. 

.2 

60.3 

V      •      «      • 

86.0 

73.6 

•  .  1 

■ 

>  .  •  . 

■     •      ■     • 

87.1 

76.8 

71- 

9 

66.1 

57.9 

87.1 

76.7 

71 

.1 

64.5 

55.6 

87.1 

76.6 

. .  ■ 

1  • 

•     «      •     • 

•      ■      •      • 

87.0 

76.6 

. .  1 

1  • 

•     •     •      ■ 

■     •      ■      ■ 

85.5 

74-7 

.  • 

• 

•      •      •      ■ 

V      •      ■      • 

85.4 

74.7 

.  ■  1 

1  • 

•      •     ■      • 

•      •      •      • 

66.6 

49.8 

43 

.4 

37.8 

■      ■      •      • 

67.1 

51.0 

44 

.6 

38.4 

•      •      •      ■ 

62.7 

44-7 

38 

.3 

32.9 

•      •      •      • 

63.2 

45-9 

39 

5 

33-9 

•      •      •       • 

—  12.5 

71. 1 

58.7 

53- 

2 

48.8 

•    •    •    • 

72.2 

59.1 

53 

.9 

49.6 

•   •   «   • 

with  Ac 

—  82 

.0. 

c 

K^FcCCN),  i8*» 71. 1 

o*» 

^  Average  values  of  A  were  used  with  Ao 
'  D^guisne's  results.    A  satisfactory  Ao  could  not  be  obtained  from  Kahlen- 
berg's  results. 

*  Ddguisne's  results. 

*  Results  of  Ddguisne  and  of  Noyes  and  Johnston.  Since  Noyes  and  Johnston's 
values  at  25^  agree  with  those  calculated  for  25®  by  D^^uisne's  equation,  the  results 
of  Eahlenberg  appear  to  be  influenced  by  some  constant  error.  ^ 

'  Both  series  of  results  were  used,  each  with  the  Ao  value  obtained  from  its  own  set 
of  measurements.    D^guisne's  values  are  in  the  lower  row. 

*  Whetham's  results. 

*  Kahlenberg's  results  were  used,  since  these  agree  better  with  D6guisne's  results 
for  the  dilute  solutions  than  do  Whetham's. 

*  Average  of  Whetham's  and  Kahlenberg's  results. 
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rectioii,  up  to  xnoderate  concentrations,  cannot,  however,  be  much  differ- 
ent at  the  two  temperatures.^ 

In  studying  the  change  of  ionization  between  i8^  and  o^,  it  has  seemed 
best  to  eliminate  the  irregularities  aruring  from  experimental  errors  by 
finding  the  average  values  at  i8^  and  o^  for  all  of  the  salts  of  each  valence 
type  given  in  the  table.    These  averages  are  as  follows: 

Bqnlr.  oooe 10. 

Uni-univaknt  iS^ 93 .4 

oo 93.4 

Uni-bivaknt    i8* 86.7 

o* 86.9 

Bi-bivakttt       18**...: 64.7 


t« 


65.2 


so. 

100. 

87.4 

83.3 

87.9 

83-5 

76.3 

69.7 

76.4 

68.7 

47.3 

40.9 

4«.5 

43.1 

The  differences  in  the  values  at  i8^  and  o^  are  so  small  that  they  do 
not  exceed  the  probable  error.  This  result  shows  that  ionization  values 
derived  from  the  conductance  at  iS^  may  be  employed  at  o^  (for  exam* 
pie,  in  comparisons  with  those  from  the  freezing-point  lowering)  without 
mcurring  an  error  greater  than  that  in  the  determinations  at  o^. 

z6.  Equivalent  Conductance  of  the  Separate  Ions. 

Table  XIII  contains  the  equivalent  conductances  of  the  separate 
ions  at  18^  and  25  ^.  The  value  for  the  univalent  ions  at  i8^  are  primarily 
based  on  those  of  Kohlrausch.'  The  small  modifications  are  due  to  the 
use  of  0.496,  instead  of  0.497,  for  the  cation-transference  number  of 
potassium  chloride  and  to  the  change  to  the  191 1  atomic  weights.  The 
values  for  the  univalent  ions  at  25^  were  obtained  from  the  A^  values 
of  Table  Xa,  taking  0.497  as  the  transference  number  of  potassium 
chloride,  and  equalizing  the  different  values  for  each  ion.    The  value 

TaBLB  XIII. — BQUIVAI^ENT  CONDirCTANCSS  OP  THB  SSPAItATB  lONS. 


VftluM  at  18*. 


ValuM  at  25*. 


Cs.. 

Rb.. 

TI... 

NH^ 

K... 

Ag. . 

Na.. 

U.. 


68.0 
67.5 

65.9 
64.7 

645 
540 

43.4 

33-3 

314.5 


Pb...  60.8 
Ba...   55.4 


Ca. 
St. 
Zn. 
Cd. 
Mg 


51 -9 

51.9 
47  o 

46.4 
45.9 


Cu...  45.9 
La...  61 


Br 

I 

a 

NO, 

SCN 

ao, 

BrO, 

F 

10,   

SO, 

c,o, 

Fc(CN),*. 


67.7 
66.6 

655 
61.8 

56.7 

55.1 
47.6 

46.7 

34.0 
68.5 

63.0 
95 


Tl.. 

j^. .  • 
Ag.. 

Na.. 

XI. . . 

Ph.. 
Ba.. 
Ca.. 
Mg.. 
U.. 


76.0 
74.8 

63.4 
51.2 

350 
71.0 
65.3 
60.0 
55.0 
72 


I.... 

a... 

NO... 
BrO,. 


SO4. 

c,o,. 


76.5 

75. « 
70.6 

54.» 

. .  •  • 

80.0 
72.7 


Fc(CN).«  1 10. 5 


'  See  for  example  tbe  results  of  Noyes  and  Lombard  (This  Journal,  33,  1433-3 
(191 1))  with  two  sahs  of  exoeptioDally  hi|^  viscosity. 
«  Z.  Elekiroekem.,  13, 333  (1907). 
*  Perrocyanide  ion. 
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for  the  bivalent  ion^  at  both  temperatures  were  obtained  by  subtracting 
those  for  the  univalent  ions  from  A^  valu^  for  the  uni-bivalent  salts 
given  in  Table  Villa,  and  equalizing  the  divergencies.  These.new  values 
of  the  ionic  conductances  are  due  in  large  measure  to  Dr.  W.  C.  Bray, 
for  whose  codperation  we  are  greatly  indebted. 

17.  Change  of  the  Equivalent  Conductance  with  the  Concentration. 

A  variety  of  functions  have  been  proposed  for  expressing  the  change 
of  the  equivalent  conductance  with  the  concentration.^  Of  these,  the 
exponential  function  C(A^j — ^A)  —  K(CA)*,  corresponding  to  the  ioniza- 
tion function  (Cf)*IC{i — f)  «  K,  may  be  first  considered.  Previous 
investigations  have  shown  that  the  value  of  the  exponent  n  varies  with 
the  nature  of  the  salt,  but  usually  only  within  the  comparatively  narrow 
limits  of  1 .40  to  1 .  60  in  dilute  solution,  even  with  salts  of  different  valence 
types.  The  function  does  not,  however,  fully  express  the  results  through 
the  whole  range  of  concentration  from  o.oooi  to  0.2  normal,'  as  b  shown 
by  the  fact  that  'different  values  of  n  are  derived  for  different  concentra- 
tion intervals.' 

This  function  has,  however,  been  prenously  tested  only  with  conduc- 
tance or  ionization  values  uncorrected  for  viscosity.  Table  XIV  gives 
the  values  of  the  exponent  n  obtained  from  the  corrected  ionization  values 
at  18®  of  Table  XI,  for  the  two  concentration  intervals  o.  1-20  and  10- 
200  millinormal,  by  the  graphical  method  describing  in  the  paragraphs 
preceding  Table  VIII. 

Tablb  XIV. — ^Valuss  op  ft  in  ths  Function  C(x — r)  •■  ^(Cr)*- 

Milli-equhr.  per  liter. 

Sidt.  0.1-20.  10-200. 

MgS04 1.60  1. 18 

ZnSO^ 1.60  1.25 

CUS04 1 .  62  1 .  20 

CdSOi 1.62  1.20 


Mi]ll-«qiiiv.  i)cr  liter. 


If  im-e«uiT.  per  Utcr. 


Salt. 
Lia. . . 
NaO.. 
KQ. .. 
KBr. . . 
KI. . . . 
LiNO,. 
NaNO, 
KNO,. 
AgNO,. 
KCIO,. 
LilO,. . 
NalO,. 
KIO,. . 


0.1-20. 
1.48 
1.50 
1.48 

1-45 

1-45 
1.48 

1.50 
1-53 
1-53 
1.50 
1.52 
1.50 
1.50 


10-200. 

1-33 

1.33 

1.33 

1-33 

1-37 

1-37 
1.40 

1-55 

1-55 

1-45 
1.40 

1.40 

1.40 


Salt 
MgCl,. 
CaCl,. 
BaCl,. 


0.1-20.  10-200. 

1.48  1.20 

1.45  1.20 

....  1.47  1.20 

Mg(NO,),. ..  1.47  1.20 

Ca(NO,)j...  1.50  1.33 

Sr(NO,),....  1.52  1.44 

Ba  NO,),. ..  1.55  1.54 

Pb(NO,),. ..  1.58  1.58 

LijS04 1.52  1.33 

NajSO^ 1.33 

K,S04 1.50  1.33 

T1,S04 1.58  1.40 

K,C,04 1.50  1.22 


It  will  be  seen  from  the  table  that  the  two  values  of  n  for  the  two  con- 

^  For  reference  te  some  of  the  many  articles  on  this  subject  see  Noyes,  Carnegie 
Insi»  PubL^  63,  48  (1907). 

*  Cf.  Johnston,  This  Journai*,  31,  loio-ii  (1909). 

'  Abbott  and  Bray,  This  Journai^,  31,  746  <i909).  Bray  and  MacKay,  /hid,, 
33,920(1910).    Hunt, /&td.,  33,  800  (19 11). 
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centration  intervals  as  a  rule  differ  considerably,  showing  that  the  func- 
tion (CA)*  -  A:C(A^— A)  or  .its  equivalent  (Cr)»  -  KC(i—r)  ^th  a 
single  vahie  of  the  exponent  does  not  express  the  change  of  conductance 
satisfactorily  through  the  range  of  concentration  from  o.oooi  to  0.2 
normal. 

It  is  especially  noteworthy,  however,  that  for  the  lower  concentration 
interval  the  values  become  nearly  identical  and  equal  to  about  i  .50  for 
all  the  salts  of  both  these  types  (the  limits  being  i  .45  and  i  .58).  This 
shows  Ihat^  at  fairly  small'  concentrations,  at  any  rate,  the  functional  re- 
lation between  ionization  and  concentration  is  independent  of  the  number 
of  ions  into  which  the  salt  dissociates — a  result  that  is  in  complete  dis- 
agreement with  the  requirements  of  the  mass-action  law. 

Tbe  values  of  n  for  the  higher  concentration  interval,  on  the  other 
band,  vary  greatly  with  different  salts;  thus,  between  i  .33  and  i  .55  for 
the  uni-univalent  salts,  and  between  i .  20  and  i  .58  for  the  uni-bivalent 
salts;  but  again  there  is  no  systemiatic  difference  betvi^een  the  values  for 
the  two  types  of  salt. 

With  reference  to  the  specific  substances,  it  may  be  pointed  out  that 
there  is  a  progressive  increase  in  the  value  of  n  with  increasing  atomic 
weight  in  the  case  of  the  nitrates,  just  as  there  is  a  progressive  decrease 
m  their  ionization  values;  but  this  is  not  true  in  the  case  of  the  chlorides 
and  sulfates.  The  four  bi-bivalent  sulfates  have  almost  identical  ioniza- 
tion relations.  The  difference  in  the  n  values  for  the  two  concentra- 
tion intervals  is  larger  than  for  any  of  the  other  substances. 

It  seemed  also  desirable  to  test  with  the  values  corrected  for  viscosity 
the  simple  function  Ai^/i;^  »  B  —  K0,  corresponding  to  the  expression 
A  =  5  —  KC^,  which  Kohlrausch  found  to  hold  closely  for  many  imi- 
univalent  salts  between  the  concentrations  o.ooi  and  o.  i  normal.  The 
experimental  \alues  of  Ai^/ij^  given  in  Tables  Villa  and  VIII&  were 
plotted  against  the  corresponding  values  of  C*;  the  straight  line  best 
rq)resenting  the  points  between  i  and  100  millinormal  was  drawn;  and 
the  deviations  of  the  separate  points  from  the  line  were  read  off.  The 
corresponding  differences  (multiplied  by  ten)  between  the  observed  and 
calculated  values  of  Ai^It)^  are  given  in  Table  XV,  together  with  the  con- 
stants B  and  K  of  the  cube-root  equation  corresponding  to  the  calculated 
values. 

An  examination  of  Table  XV  shows  that  the  deviations  of  the  values 
^ho  ^^^™  those  required  by  the  cube-root  equation  do  not  exceed  0.4 
unit  in  the  case  of  the  uni-univalent  salts  between  the  concentrations 
of  I  and  200  millinormal  (except  in  the  single  instance  of  200  millinormal 
KQ) ;  but  that  in  the  case  of  the  uni-bivalent  salts  deviations  as  large  as 
0.9  to  1.2  units  are  common  even  between  i  and  100  millinormal,  and 
frequently  amount  to  2 .5  to  4.0  units  at  200  nullinormal.   Cadmium  chloride 
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and  nitrate  show  especially  large  deviations.  It  will  also  be  observed 
that  the  values  of  the  constant  B  for  the  uni-univalent  salts  are  consid- 
erably greater,  as  shown  by  the  deviations  at  zero  concentration,  than  the 
values  of  A  derived  with  the  aid  of  the  function  A^ — ^A  «  /iC(CA)*.  This 
is  a  consequence  of  the  fact  that  the  cube-root  function  does  not  satis- 
factorily express  the  observed  results  at  the  very  small  concentrations 
o.  1-1 .0  millinormal. 

In  order  to  find  a  more  satisfactory  expression  for  the  results  with  the 
uni-bivalent  salts,  the  function  log  Ai^It)^  «  log  B' — K'C^  was  tried. 
Table  XVI  shows  the  deviations,  computed  as  in  the  previous  case,  be- 
tween the  observed  and  calculated  values  oi  At)It)^.  A  comparison  of 
these  deviations  with  those  of  Table  XV  shows  there  is  not  much  choice 
between  the  two  functions  in  the  case  of  the  uni-univalent  salts,  but  that 
the  logarithmic  one  is  as  a  rule  considerably  better  for  the  uni-bivalent 
salts.  Thus  the  deviations  from  this  ftmction  between  i  and  100  milli* 
normal  seldom  exceed  o.  7  unit  (except  in  the  case  of  cadmium  chloride). 

The  function  Aj)I%  ™  B^ — K^'O  (where  n  is  a  smaller  power  of  the 
concentration  than  Va)  ^^  ^^  ^^  ^^  ^  f^^  <>f  the  uni-bivalent  salts. 
The  deviations  are  given  in  Table  XVII: 

Tablb  XVII. — Dbviations  X  10  of  thb  VAi;ims  of  A9/90  from  Those  Rbquirbd 

BY  THB  EaUAiriON  Aji/iJo  -  B*  —  ICC^. 
Salt.  n.  B'.  0.  1.         2.  5.         10.        20.       50.       100.     200. 

CaCl, 0.15  136.8  — 194  o  +4     +2     +6  +2  — ^3  — ^3  o 

Pt>(NO,), 0.25  134:4  —118  —7  —I     +5     +2  +6  —9  — 9  a 

Mg(NOg), 0.20  116. 2  —85  —I  +3     +4     +3  — I  —3  — 1  +8 

K^4 0.20  148.2  — 152  — 7  0+5+4  o  —6  — 5  +5 

Na^4 0.20  123.4  — 115  —8  +1     +5     +3  ...  — ^5  —6  o 


These  residts  show  that  for  all  these  uni-bivalent  salts  a  dose  agreement 
with  the  observed  values  can  be  secured  between  the  concentrations  2 
and  200  millinormal  by  employing  the  exponent  0.20  (instead  of  0.33). 

It  will  be  seen  that  none  of  these  empirical  fimctions,  even  though  they 
contain  three  arbitrary  constants,  expresses  the  coqduct&nce  through 
the  whole  range  of  concentration  from  o.i  to  200  millinormal.  Thus^ 
if  any  of  the  functions  is  made  to  apply  through  the  higher  concentration 
interval,  it  shows  considerable  deviations  at  the  lower  concentrations^ 
and  vice  versa. 

By  emplo3ring  a  function  with  four  empirical  constants  a  closer  agree- 
ment with  the  observed  values  over  a  wider  range  can,  of  course,  be  ob- 
tained.   Reference  will  be  made  here  to  only  one  such  ftmction — ^that 

(CA)* 
recently  employed  by  C.  A.  Kraus.    This  function  has  the  form  -^^ — ^—r^  « 

C(A^— A) 

K'  +  i)'(CA)-  corresponding  to  ^^  -  K  +  I>(Cr)-.    As  wiU   be 
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shown  in  a  contribution  from  this  laboratory  soon  to  be  published  by 
C.  A.  Kraus  and  W.  C.  Bray,  this  function  has»  in  the  case  of  uni-univalent 
salts,  an  extraordinary  range  of  applicability.  Thus  it  expresses  satis- 
factorily the  residts  from  very  small  concentrations  up  to  fairly  high 
concentrations  (0.5  normal  and  beyond)  not  only  for  solutions  in  water, 
but  in  a  variety  of  non-aqueous  solvents.  It  has,  moreover,  an  obvious 
theoretical  interpretation  in  the  sense  that  the  term  DiCj^)^  expresses 
the  fact  tnat  the  mass-action  expression  (C;^)'/C(i — x)  increases  with 
the  ion  concentration  C;^  in  the  solution.  The  function  requires,  more-, 
over,  that  when  Cjr  becomes  sufficiently  small,  the  mass-action  law  hold 
true  for  any  solute  in  any  solvent.  In  the  case  of  aqueous  solutions  of 
salts,  strong  acids,  and  bases,  the  value  of  iC  is  so  small  in  comparison 
with  D(C^)*",  except  at  small  concentrations,  that  as  has  been  seen  above, 
an  equation  which  contains  only  the  latter  term  expresses  the  actual 
conductance  fairly  well  within  a  limited  concentration  interval.  This 
function  appears  to  furnish  by  far  the  most  general  and  satisfactory  ex- 
presdon  thus  far  discovered  of  the  relation  between  the  conductance 
and  concentration  of  the  uni-univalent  salts.  Further  discussion  of  it 
in  this  article  is,  however,  inappropriate,  as  it  will  be  fully  treated  in 
the  future  paper  just  referred  to. 

In  the  case  of  salts  of  the  uni-bivalent  and  higher  types,  the  relation 
between  concentration  and  ionization  is  probably  further  complicated 
by  the  presence  of  the  intermediate  ion.  The  most  probable  assump- 
tions which  can  be  employed  for  estimating  its  concentration  in  solu- 
tions of  uni-bivalent  salts  have  been  discussed  by  W.  D.  Harkins  in  a  recent 
contribution  from  this  laboratory.* 

BOITON.  Fbbxuakt,  1912. 

[Contributions  prom  ths  Rbssarch  Laboratory  of  Physical  Chemistry  op  the 

Massachusetts  Institute  op  Technology.    No.  81.] 

THB  PROPERTIES  OF  SALT  SOLUTIONS  IH  RELATION  TO  THE 
IONIC   THEORY.    IV.    COMPARISON    OF  THE   IONIZATION 
VALUES  DERIVED  FROM  THE  FREEZING  POINT  LOW- 
ERING AND  FROM  THE  CONDUCTANCE  RATIO. 

By  a.  a.  NoYBt  AMD  K.  G.  Palk. 
Received  Pebruary  17,  1912. 

Contents. — 18.  Tabulation  of  the  Ionization  Values  Derived  from  Freezing 
Point  Lowering  and  from  the  Conductance  Ratio.  19.  Discussion  of  the  Ionization 
Values  Derived  by  the  Two  Methods. 

18.  Tabulation  of  the  Ionization  Values  Derived  from  Freezing  Point 

Lowering  and  from  the  Conductance  Ratio.* 

In  Table  XVIII  are  brought  together  the  values  of  the  percentage 
ionization  (100;')  corresponding  to  the  mol-numbers  derived  from  the 

*  This  JointNAL,  33,  1863  (1911). 
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freezing  point  and  presented  in  Table  II,  Part  I,^  and  those  correspond- 
ing to  the  conductance- viscosity  ratio  at  18^  presented  in  Table  XI,  Part 
III,^  of  this  series.  It  has  already  been  shown  in  Section  15  of  Part  III 
that  the  conductance  ratio  for  salts  at  18^  does  not  difiFer  from  that  at 
o^  by  more  than  the  experimental -errors  conmionly  involved  in  the  o^ 
values,  so  that  an  appreciable  error  is  not  introduced  in  employing  the 
18^  values  for  the  comparison. 

The  ionization  values  derived  from  the  freezing  point  are  preceded 
by  the  letters  PP,  those  from  the  conductance-viscosity  ratio  by  the  let- 
ters CR.  The  figures  at  the  head  of  the  table  express  the  concentra- 
tion in  milli-equivalents  per  liter. 

Tabls  XVIII. — ^Ionization  Valuss  Dbrivsd  from  Frsszino  Point  Lowsring  amd 

PROM  THB  CONDUCTANCS-VlSCOSrrY  RaTIO. 


Ka 


tl 


NH«a 


« 


NaQ. 


tl 


CsQ 


tt 


ua 


it 


KBr 


«< 


NaNO, 
it 

KNO, 
« 

KCIO, 
«« 

KBrO, 
<« 

XIO, 
tl 

NalO, 
« 


«* 


Ha 


tt 


HNO, 


tt 


Method. 

FP 

CR 

FP 

FP 

CR 

CR 

FP 

CR 

CR 

FP 

CR 

FP 

CR 

FP 

CR 

FP 

CR 

FP 

CR 

FP 

CR 

FP 

CR 

FP 

CR., 

FP 

m 


5 

96 

95 
94 

•  • 

95 
95 

•  • 

95 

94 
94 

■   • 

95 

•  • 

95 

•  • 

95 

•  • 

95 

•  * 

95 

94 
94 

93- 

93 

93 

99 
98 

97 


3 
6 


3 
3 

4 
4 


4 
I 
6 

9 
9 
8 
8 

I 
I 


10. 

94.3 
94.1 

92.8 
94.1 

93.8 
93.6 

•  •  •  • 

93.7 

•937 
93-2 

•  •  • . 
94.0 

90.3 
93.2 

90.1 

93.5 

91.4 
93.3 

92.3 
93.4 

913 
92.8 

91.6 

91.7 
92.1 

95.1 

97.5 
97.2 

96.0 
97.0 


20. 
91.8 
92.2 

90.7 
92.1 

92.2 
91.6 

93.0 

•    •    •    • 

92.8 
89.0 

92.9 
92.1 

88.5 
91.0 

88.0 
91. 1 

89.1 
91.0 

89.6 
91.0 

88.2 
90.3 
89.0 
89.0 

91.3 
93.0 

95.7 
96.2 

94.2 


50. 

88.5 
88.9 
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• .  •  • 

89.2 
88.2 

89.2 

•  •  •  • 

91.2 
87.8 

88.9 
88.8 

85.5 
87.1 

83.6 
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84.9 
86.6 

85.4 
86.8 

82.8 
86.0 

84.2 
84.2 


93.3 
94-4 
91.2 
94.0 


100. 
86.1 
86.0 

85.6 

•  •  •  • 

87.5 
85.2 

86.3 
84.7 
90.1 
84.6 

86.3 
85 -9 
83.0 
83.2 
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79.8 
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•  •  •  • 

76.5 
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77.3 
80.1 
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200. 
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•   •   •   • 
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^  Tms  Journal,  32,  1026  (1910). 
'  See  the  preceding  article. 
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TaBLS    XVIII   (cOfllMHIMi). 

5.  10.  20.  50.  100.  200.         500. 

BaCl,  FP 89.9      87.8      85.5      81.9      78.8      75.8 

"  CR 88.3      83.0      79.8      75.9      72.0      67 

CfcClj  FP ....       87.6      83.7      81.5      80.4 

"  CR 91.0      88.2       84.9      80.2       76.4      72.7      68.8 

JAJvJf  tfJr»  ...........      ....        •.••       00  •  3       85  *  4       83  •  9       83  •  3 

"  CR 91.0      88.3      83.1       80.3      76.3      72.8      68, 

CdCa  FP 79.1       76.8       69.0      60.3       33.9 

CR 80.3      73.3      66.4      33.9      43.3      37.3      28 

CdBft  FP 78.0      70.4      38.9      48.2      36.7 

CR 74*9      66.1       37*3       ....       ....       .... 

■ 

Cdl,            FP 39.3  34.0  40.0  22.3  10. o 

CR 67.3  57*3  4^*9  >...  ....  .... 

Cd(NO|)a     FP 94.8  92.1  90.1  88.7  88.4  

"            CR 91.7  87.1  84.8  79.2  73.1  68.4      62.8 

Ba(NOa)t    FP 91.7      88.8      83.3       

"  CR 89.8      86.1      81.8      74.4      67.9      60.9      30.4 

Fb(NO,),    FP 89.0      83.0      80.4      72.4      64.9      36.8      42.7 

CR 88.6      84.3      79.3      70.8      63.3      33.9      43.4 

FP 92.9      89.9      83.7      78.3      73.0      66.7      36.8 

CR 90.3      87.2      83.2      77.1      72.2      ^.3      61.8 

Na«S04        FP 86.7      79.3      73.6      67.2      36.7 

"  CR 89.3      83.7       73.6      70.4      63.2 

HgSO«        FP 69.4      61.8      33.6      42.0      32.4      22.3 

"  CR 74.0      66.9      39.6      30.6      44.9      40.3 

CUSO4         FP 61.6      34.3      43.3      31.8       

CR 70.9      62.9      33.0      43.3      39.6      33.1 

Z11SO4         FP 66.3      38.2      48.9       

CR 71.0      63.3      33.6      46.4      40.3      36.0 

CdSO«         FP 63.8      36.9      47.7      34.3       

CR 69.4      61.4      33.4      43.7      37.7      33.2      29 

K,Fc(CN),  FP 89.4      86.8      77.8       

wJEv.  •.•••«.■...        oO .  9  *'2 .7  «..«  ....  ...*  ..*• 

K4Fe(CN)g  FP ....       ....       63  *  4      3^  • '      ^2  ,o      4^ 

Vm&»  ...........      ....'       ....        ••*.        39  *  33  *  ^       49  * 

19.  Discusskm  of  the  lonizAtion  Values  Derived  by  the  Two  Mefhod8. 

A  comparison  of  the  two  sets  of  ionization  values  at  the  concentrations 
between  20  and  100  millinormal  inclusive  shows  the  following  deviations: 

Ka,  NH4CI,  and  KBr:  less  than  x%  of  tbe  ionization  value. 

Naa  and  CsG:  i  to  2%. 

LiQ:  4  to  6%. 

NaNO,  and  KNO,:  3  to  3%;  but  the  probable  accuracy  of  the  freexing-point  resulta 

Is  in  these  cases  small. 
KOOs  and  KBrO,:  2  to  4%. 
KlOg:  2  to  7%,  increasing  with  the  concentration. 
NalO,:  practically  zero  up  to  30,  3.5%  at  100  millinormal; 


«* 
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HCl :  o .  3  to  1.2%;  yet  the  values  are  5  to  10%  greater  than  those  for  neutral  salts. 

BaCl,:  I  to  4%,  increasing  with  the  concentration. 

CaCl,  and  MgCl,:  3  to  9%,  increasing  with  the  concentration. 

CdCl,,  CdBr,,  Cdl«  and  Cd(NO,),:  much  larger  deviations  than  with  the  other  ' 

uni-bivalent  salts. 
Pb(NO,),  and  K4SO4:  not  more  than  2%,  even  up  to  200  millinormal. 
NaJsO^:  about  5%. 

ifgSO^,  CuSO^,  ZnSO^,  CdSO^:  very  large  deviations.  ' 
K,Fe{CN).:  7  to  8%. 

It.  will  be  seen  from  this  summary  that  the  two  methods  givt  ioniza- 
tion values  which  for  most  imi-tmivalent  substances  agree  with  each  other 
within  2%  up  to  o .  I  normal ;  and  that  the  same  is  true  of  the  uni-bivalent 
salts,  potassium  sulfate  and  lead  nitrate,  even  up  to  0.2  normal.  The 
halides  and  sulfates  of  bivalent  metals  (and  also  lithiiun  chloride  and 
sodium  sulfate)  on:  the  other  hand  show,  as  a  rule,  much  larger  devia- 
tions  than  this  at  o.  r  and  0.2  normal. 

In  considering  the  significance  of  the  comparison  of  the  ionization 
values,  the  principles  involved  in  their  derivation  should  be  recalled. 
The  calculation  of  ionization  from  freezing-point  lowering  is  based  on  the 
principle ^that  the  molal  effects  of  the  ions  and  of  the  unionized  substance 
are  normal,  like  those  of  organic  substances.  The  calculation  of  ioniza- 
tion from  the  conductance-viscosity  ratio  is  based  on  the  principle  that 
the  equivalent  conductance  or  mobility  of  the  ions  does  not  vary  with  the 
concentration,  except  in  so  far  as  the  fluidity  of  the  solution  varies.  Both 
methods  involve  also  the  assumption  that  the  only  forms  in  which  the 
substance  exists  in  the  solution  are  the  unionized  molecules  and  the 
ultimate  simple  ions  into  which  they  dissociate  at  extreme  dilution. 

As  this  last  assumption  is  probably  fulfilled  in  the  case  of  most  uni- 
tmivalent  substances,  the  agreement  of  the  two  sets  of  ionization  values 
for  these  substances  might  seem  to  substantiate  the  principles  involved 
in  the  two  methods.  There  is,  however,  the  possibility  that  the  agree- 
ment arises  from  a  corresponding  inaccuracy  in  both  of  the  principles, 
or  from  a  compensation  of  errors  in  the  case  of  the  freezing-point  values 
arising  from  the  unionized  molecules  having  an  abnormally  large,  and  the 
ions  an  abnormally  small,  molal  effect,  or  vice  versa*  That  the  agreement 
in  reality  arises  from  such  a  compensation  is  evident  from  the  fact  that 
the  ionization  values  derived  from  the  conductance  ratio  decrease  with 
the  concentration  far  more  slowly  than  the  mass-action  law  requires, 
showing,  if  these  values  are  correct,  that  increase  in  concentration  must 
cause  an  abnormally  small  increase  in  the  activity  of  the  ions  or  an  ab- 
normally large  increase  in  the  activity  of  the  unionized  molecules,  or 
both.  This  conclusion  is  confirmed  by  other  independent  phenomena, 
especially  the  solubility  effects,^  which  show  that  the  activity  of  ions 
*  Cf.  Bray,  This  Jouiinal,  33,  1684  (1911). 
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is  somewhat  decreased,  and  that  of  unionized  molecules  is  very  greatly 
increased,  when  the  salt  concentration  or  ion  concentration  in  the  solu- 
tion is  increased. 

In  the  case  of  uni-bivalent  salts  the  presence  of  the  intermediate  ion 
may  introduce  a  further  complication.  It  will  be  seen  from  equation 
(33)  of  Section  1 1  of  the  preceding  paper  that  for  the  case  that  the  con- 
ductance arises  in  part  from  the  intermediate  ion  the  mol-number  t 
(which  is  then  equal  to  i  +  ay^  +  7^^)  must  be  somewhat  larger  (namely, 

by  the  amount  y^ .  ,  ^^  )  than  it  is  for  the  case  that  the  conduc- 

tance  arises  wholly  from  the  simple  ions  (in  which  case  t  »  i  -\-  2f). 
So  long,  however,  as  the  proportion  (7-^  of  the  intermediate  ion  is  not  very 
large,  the  effect  on  the  mol-number  is  not  likely  to  be  great,  ^  and  there  may 
be  a  fairly  dose  agreement  between  the  two  sets  of  ionization  values, 
such  as  was  observed  with  potassitun  sulfate  and  lead  nitrate. 

The  effect  of  the  formation  of  double  molecules,  such  as  i^g^iSOJ^t 
and  of  complex  ions,  such  as  Mg(S04),**,  BaQ^",  or  BaCl^",  on  the  other 
hand,  can  be  shown  (by  formulating  the  appropriate  expressions  corre- 
sponding to  equation  (33)  and  the  expressions  for  the  mol-number)  to 
decrease  the  mol-number  and  the  ionization  value  derived  from  the  freez- 
ing point.  As  was  suggested  by  Arrhenius,^  this  may  explain  the  much 
larger  ionization  values  obtained  from  the  conductance  ratio  in  the  case 
of  the  bivalent  metal  sulfates. 

The  most  striking  discordance  between  the  two  sets  of  ionization  valued 
is  that  presented  by  the  bivalent  metal  halides,  for  which  the  values  de- 
rived from  the  freezing  point  are  always  much  larger  than  those  derived 
from  the  conductance  ratio.  It  has  already  been  shown  in  Part  II'  of 
this  series  that  the  transference  numbers  of  these  substances  are  also 
abnormal,  namely,  in  the  respect  that  the  cation  transference  decreases 
markedly  with  increasing  concentration.  There  appears,  however, 
to  be  no  chemical  explanation  which  would  accotmt  for  both  of  these 
anomalies;  and  it  seems  therefore  probable  that  ph3rsical  deviations  must 
enter  as  a  complicating  factor. 

Boston,  Pebniary.  1912. 

^  Thus  the  calculations  o!  Bray  cited  by  Harldns  (This  Jourkai,,  33, 1864  (191 1)) 
show  that  the  conductance  of  a  0.1  N  K^SOf  solution  could  be  accounted  for 
either  by  assuming  72%  SO^"  and  28%  K^SO^,  orbyassuming6o%S04-,35%  KSO^, 
and  5%  K4SO4.  Under  the  former  assumption,  the  mol-number  «  would  be  2.44, 
and  tmder  the  latter  2 .55. 

■  Z.  physik.  Chem.,  x,  639  (1887). 

•  This  Journal,  33,  1454-9  (i9")- 
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A  Simple  Method  of  Illustrating  the  Relative  Conductance  of  Sails  and 
Adds  in  Dilute  Solutions. — ^The  apparatus  shown  in  the  cut  has  been 
found  useful  in  connection  with  the  presentation  of  the  ionic  theory  to 
first  year  students  in  chemistry.  The  relative  conductance  of  salts  in 
dilute  solutions,  the  word  "salts"  being  used  in  a  general  sense,  can  be 
readily  shown  on  the  lecture  table  before  small  classes  or  in  the  labwatory 


[Im^i        '^      h\ 


by  the  students  themselves.  It  affords  a  ample  method  of  illustrating 
the  rdative  strengths  of  acids  and  of  bases,  the  effect  of  introducing 
sodium  acetate  into  solutions  acidified  with  stronger  adds,  and  so  oa. 

^  is  an  ordinary  conductivity  cdl  with  electrodes  of  movable  plati- 
num disks  and  on  the  out^de  of  which  is  etdied  a  millimeter  scale  from 
0-50. 

B  is  a  small  block  35  X  6  X  i  cm.  on  which  is  fastened  two  lamp 
sockets  connected  by  the  wires  C.  In  one  of  the  sockets  is  inserted  an 
dght  candle  and  in  the  other  a  ^teen  candle  lamp.  The  lamps  are 
connected  with  an  ordinary  1 10  volt  lighting  system  (alternating  current) 
and  the  solutions,  made  up  to  0.01  N,  introduced  in  the  cell.  One  dec- 
trode  is  fixed  at  the  zero  mark  and  the  other  raised  nearly  to  the  top  of 
the  cell.  The  cell  is  now  brought  into  the  circuit  and  the  upper  dectrode 
carefully  lowered  until  the  filament  of  the  smaller  lamp  is  faintly  but 
distinctly  luminous.  By  throwing  a  doth  over  the  larger  lamp  and  par- 
tially surrounding  the  smaller  one  with  a  sheet  of  black  paper  fairly 
sharp  readings  can  be  obtained.  If  necessary  the  cell  can  be  placed  in 
a  larger  vessd  of  water  to  avoid  change  in  temperature.  For  less  dilute 
solutions  a  larger  number  of  lamps  must  be  used. 

The  distances  between  the  dectrodes  for  a  series  of  solutions  will  repre- 
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sent  the  relative  conductivities.  This  might  also  appear  to  represent 
relative  ionizations,  but  this  is  not  the  case.  Since  the  mobilities  of  the 
ions  differ  very  considerably  (318  for  H"*",  43.6  for  Na+,  35.0  for 
Cj^Of)  the  relative  ionizations  are  not  proportional  to  the  relative 
conductivities  of  the  solutions. 
The  following  are  some  of  the  results  obtained: 

Dist.  bctwen  dcctrodM. 
0.01  N  ooaomintkm.  <  ■■■      > 

Hydrochloric  add 45.5  45.5  46.5 

Nitric  acid 44.5  44.5  45.0 

Sulfuric  add 39 .0  38 .5  38 . 5 

Oxalic  acid 19.8  18.5  19.3 

Acetic  add 2.5  3.5  3.5 

Sodium  hydroxide 36.7  36.5  36.3 

Potassium  hydroxide 27 . 5  28 .0  28 .0 

Barium  hydroxide 27 .0  27 . 5  27 . 5 

Ammonium  hydroxide 2.5  2.0  3.5 

Potassium  nitrate 15.5  x6.o  15.5 

Ammonitun  chloride 16.5  16.5  x6.o 

Soditmi  acetate 10.5  10.5  10. o 

W.   M.    Bl^ANCHARD. 
DsPauw  VKtWMMMtrr. 


The  Occurrence  of  Argon  in  Commercial  Oxygen  Made  from  Liquid  Air.^-r- 
During  the  course  of  some  calorimetric  work  it  was  noted  that  much  more 
nitric  acid  was  formed  using  an  electrolytic  oxygen  containing  99.6% 
oxygen,  than  with  an  oxygen  .96.9%  piu'e,  furnished  by  the  Linde  Air 
Products  Company.  After  proving  that  neither  product  contained  any 
other  impurity  which  could  accoimt  for  the  observed  results,  the  Linde 
oxygen  was  tested  for  argon.  A  large  sample  was  first  treated  with  me- 
tallic copper  to  remove  oxygen.  The  residue,  consisting  of  argon  and 
nitrogen,  was  treated  with  a  mixture  of  magnesium  powder  and  calcium 
oxide,  according  to  the  method  of  Maquenne.'  The  residue  from  this 
treatment,  after  sparking  with  oxygen  to  remove  hydrogen  formed  during 
the  reaction,'  and  removing  the  excess  of  oxygen  with  p3npogallol,  was 
ptire  argon.  Nitrogen  was  determined  by  difference.  The  composition 
of  the  Linde  oxygen  was  thus  found  to  be  96.9%  oxygen,  2.8%  argon, 
and  0.3%  nitrogen.  This  confirms  the  work  of  Claude,^  who  has  noted 
that  argon  to  the  extent  of  about  3%  is  the  chief  impurity  in  oxygen 
prepared  by  the  Claude  process,  which  he  explains  by  the  fact  that  the 
volatility  of  argon  more  closely  resembles  that  of  oxygen  than  that  of 
nitrogen.  Geo.  W.  Morey. 

^  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 

*  Maqiiiemw*,  Compi,  rend.,  xax,  1 147-8  (1895). 

*  Tracers,  "  Experimental  Study  of  Gases/'  p.  103. 

*  Campt,  rend.,  151,  792-3  (1909). 
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THE   ACTION    OF   PHOSPHORUS   TRICHLORIDE   ON    ORGANIC 
ACIDS;  MONOACETTL  PHOSPHOROUS  ACID. 

By  Bbnjamin  T.  Brooxb. 
Received  January  22.  1912. 

It  is  a  striking  fact  that  the  course  of  one  of  the  most  important  type 
reactions  in  organic  chemistry  is  not  definitely  known.  Two  different 
reactions  for  tne  action  of  phosphorus  trichloride  on  organic  acids  are 
given  in  the  latest  editions  of  standard  text  books  of  organic  chemistry. 
Thus,  for  the  preparation  of  acetyl  chloride  Beilstein,^  Meyer  and  Jacob- 
son'  and  Gatterman'  give  the  equation 

(i)        3CH,C0JH  +  2PC1,  — ^  3CH,C0a  +  PA  +  SHQ. 

Richter*  and  HoUeman*  give  the  equation 

(2)  3CH3CO2H  +  pa,  — ►  3CH3COCI  -h  P(0H)3. 

As  indicated  above,  one  equation  represents  the  formation  of  the  add 
chloride  and  phosphorous  acid  while  the  other  gives  the  acid  chloride, 
phosphorous  oxide  and  hydrochloric  add  as  the  products  of  the  reaction.* 
As  a  matter  of  fact,  the  evolution  of  hydrochloric  add  in  considerable 
quantities  is  always  observed  in  carrying  out  this  reaction  and  to  explain 
this  fact  it  has  been  assumed  that  the  phosphorous  add,  which  is  first 
formed,  reacts  with  a  second  molecule  of  the  trichloride  to  give  free  HQ 
and  P4OJ,  which  result  is  expressed  in  equation  (i).  This  latter  asstunp- 
tion  is  directly  contradictory  to  the  results  of  Thorpe  and  Tutton,^  who 
showed  that  in  the  first  place  hydrogen  chloride  reacts  very  readily  with 
PjOj  or  P^Ofl,  according  to  the  following  equation: 

PA  +  6HCI  — ►  2Pa3  +  2H,P03 
They  also  showed  that  phosphorous  acid  and  phosphorus  trichloride  re- 
act together  only  very  slowly  and  probably  in  accordance  with  the  follow- 
ing equation,  confirming  the  work  of  Geuther*  on  this  subject: 

>  "Handbuch  d.  Org.  Chem./'  Ed.  1893,  Bd.  I,  458. 

•  "Lehrbuch  d.  Org.  Ch<?Tn.,"  2nd  Ed.,  1907,  Bd.  I,  561. 

'  "Practical  Methods  of  Organic  Chemistry."    Translation  of  4th  German  edition 
by  W.  B.  Schober,  1905,  p.  132. 

«  "Organische  Chemie."    Eleventh  Edition,  Bonn,  1909.    To  prepare  acetyl  chknr- 
ide  the  autbor  recommends  the  proportions  required  by  equation  [i]. 

'  "Organic  Chemistry."    A.  F.  Holleman.    Translation  of  2nd  Dutch  edition  by 
A.  J.  Walker,  New  York  (1904)1  p.  1 14. 

'  Delacre  (Chem.  Zentr.,  1902,  I,  1197)  Agrees  with  equation  (i)  and  advances 
the  theory  that  the  mechanism  of  the  reaction  is  probably 

RCO>      _^   R(^l)     hypothetkal      _^  rcoO  +  Ha 
H  HCl  )  double  compound 

There  is  no  experimental  evidence  of  the  existence  of  such  a  double  compound, 
and  in  view  of  the  data  brought  forward  in  the  present  paper  such  an  assumption  is 
not  in  accord  with  the  facts.  Tissier  (Ann.  chim.  phys.^  [6]  29,  384)  advanced  the 
equation  6RC0,H  +  3PCI,  — ►  6RC0C1  +[H3P,0e  +  3HCI. 

•  /.  Chem,  Soc.,  59,  1019  (189 1). 

•  /.  prakt,  Chem.,  [2]  8,  359  (1874). 
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PCI,  +  4P(0H),  — ►   3H,P0,  +  P,  +  3HCI 

Thus  Thorpe  and  Tutton  obtained  4 .  o  g.  PClj,  i .  5  g.  KLgPO^,  2 . 7  g. 
H,PO,  and  0.4  g.  phosphorus  from  5.0  g.  P^O^  and  an  excess  of  hydro- 
gen chloride  in  an  experiment  which  lasted  one  week.  Therefore,  if  this 
work  of  Thorpe  and  Tutton  and  of  Geuther  is  correct,  and  there  appears 
to  be  no  reason  to  doubt  it,  the  liberation  of  the  large  quantities  of  hydro- 
chloric add  in  the  preparation  of  the  chlorides  of  organic  acids  by  phos- 
phorus trichloride  cannot  result  from  the  action  of  the  chloride  on  phos- 
phorous add.  However,  the  work  of  Thorpe  and  Tutton*  and  of  Thorpe* 
is  contradictory  since  in  the  latter  publication  the  author  considers  that 
the  yidds'  point  definitdy  to  equation  (i). 

I  have  fotmd  that  one  source  of  the  hydrogen  chloride  evolved  in  the 
reaction  in  question  is  the  reaction  of  acetyl  chloride  on  phosphorous 
acid  yidding  an  acetyl  derivative,  probably  a  mixed  add  anhydride  of 

/OH 

the  formula  P\  OH  On  adding  pure  acetyl  chloride  to  crystallin 

N).OC.CH, 
phosphorous  add  hydrogen  chloride  is  evolv^ed,  slowly  at  20®  but  quite 
rapidly  on  warming  to  50®.     One  and  possibly  two  hydroxyl  groups  en- 
ter into  the  reaction,  depending  upon  the  duration  of  the  reaction  and 
the  removal  of  the  hydrochloric  add. 

The  wdl  known  use  of  add  chlorides  in  testing  for  hydroxyl  groups 
appears  not  to  be  strictly  limited  to  alcohols  since,  as  is  well  known,, 
the  chlorides  of  organic  adds  may  also  react  with  the  hydroxyl  in  the 
carboxyl  group,  forming  anhydrides,  the  degree  of  completion  of  the  re- 
action depending  upon  the  removal  of  hydrogen  chloride.  According 
to  Ansdiutz,*  the  reaction  between  acetyl  chloride  and  acetic  acid  is  slow 
and  incomplete,  but  Wedekind*  has  stated  that  the  addition  of  a  tertiary 
amine  serves  to  remove  hydrochloric  add  and  good  yields  of  anhydride 
may  be  obtained  in  this  manner.  In  phosphorous  acid  there  are  two 
and  possibly  three  hydroxyl  groups*  and  it  is  therefore  to  be  expected 
that  the  chlorides  of  organic  acids  will  react  with  it,  giving  a  mixed  acid 
anhydride.     I  ha\e  found  that  warming  to  the  boiling  point  of  acetyl 

'  Loc.  cii. 

'7.  Chem.  Soc,  37,  186  (1880). 

*  Thorpe  does  not  describe  the  methods  employed  by  him  to  determin  the  yields 
of  hydrochloric  acid  and  acetyl  chloride.  As  ordinarily  carried  gut,  both  phosphorus 
trichloride  and  acetyl  chloride  are  carried  over  by  the  hydrochloric  acid  in  considerable 
qnaatities,  and  furthermore  the  acetyl  chloride  obtained,  when  the  amounts  of  the  re- 
acting substances  required  by  equation  (i)  are  takeUi  contains  much  phosphorus 
trichloride  and  hydrochloric  acid.  It  is  obviously  impossible  to  arrive  at  quantita- 
tive data,  with  respect  to  these  products,  by  fractional  distillation. 

*  Ann.,  236,  5  (1884). 

*  Ber.y  34,  2070  (1901).     Compare  Tschitschibabin,  Chem.  Zentr.,  ZQOZ,  II,  543* 

*  Compare  Vorl&nder,  Ann,,  320,  114  (1902). 
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chloride  under  a  return  condenser  removes  the  hydrogen  chloride  com- 
pletely enough  for  the  reaction  to  proceed  smoothly. 

yOH 

The  compound  P^OH  is  analogous  with  the  so-called  mixed 

\O.OCCH3 

acid  anhydrides  recently  prepared  by  Fry,  Prands,  and  Pictet  and  his 
students.  Acetic  anhydride  and  nitric  anhydride  give  the  nitrate 
CHjCOONO,,*  benzoyl  chloride  and  silver  nitrate  give  benzo)^  nitrate* 
and  chromyl  chloride  and  potassium  acetate  yield  the  diacetyl  deriva- 
tive of  chromic  add.'  Acetyl  compounds  of  boric  and  arsenious  adds 
are  also  known,  the  former  being  easily  prepared  by  the  action  of  acetyl 
chloride  on  boric  acid.  A  mixed  anhydride  of  phosphoric  and  acetic  adds 
of  doubtful  composition  was  made  by  Carius  and  Kammerer^  to  which 
they  assigned  tbe  formula  FJH.fi^(Cfifi)2  and  stated  that  it  was  decom- 
posed by  water  to  acetic  and  phosphoric  adds.  Menschutkin*  attempted 
to  prepare  an  acetyl  derivative  of  phosphorous  add  by  heating  with 
acetyl  chloride  to  120^  in  a  bomb  tube.  The  reaction  product  was  poured 
into  water  and  a  lead  salt  prepared  which  contained  organic  matter  and 
which  the  author  regarded  as  probably  P,H,Oa(C^,0}. 

In  addition  to  the  isolation  of  monoacetylphosphorous  add  I  have 
proven  that  when  acetyl  chloride  is  prepared  according  to  equation  (i) 
no  phosphorous  oxide  is  formed,  the  residue  consisting  of  phosphorous 
add  and  a  small  amount  of  the  acetyl  derivative.  The  phosphorus 
trichloride  in  excess  of  that  required  by  equation  (2)  was  recovered  un- 
changed. Furthermore  the  evolution  of  bydrodiloric  add  from  the 
action  of  acetyl  chloride  on  pure  crystallin  phosphorous  add  has  been 
determined  quantitativdy  and  although  a  diacetyl  derivative  has  not 
been  isolated  the  amount  of  hydrochloric  add  given  off  imder  certain 
conditions  seems  to  indicate  that  a  diacetyl  derivative  may  be  formed. 

Discttssion  of  the  ReactioiL 

Since  chlorides  of  organic  adds  may  be  prepared  by  treating  the  add 
with  hydrogen  chloride  and  a  dehydrating  agent,  it  is  not  unreasonable 
to  assume  that  the  reaction  tmder  discussion  is  catalyzed  by  a  trace  of 
water  aiid  that  the  phosphorus  trichloride  serves  both  as  a  source  of 
hydrochloric  add  and  as  a  dehydrating  agent.  However,  in  view  of  the 
results  of  Autenrieth  and  Geyer*  on  the  reaction  between  phosphorus 
pentachloride  and  phenols  it  seems  probable  that  the  chlorides  of  phos- 
phorus are  able  to  react  directly  with  hydroxyl  in  any  compound.    More- 

^  Pictet  and  Elhotinsky,  Ber.,  40,  1163  (1907). 

■  Francis,  Ibid,,  39,  3798  (1906). 

■  Fry,  This  Journal,  33,  690  (191 1). 

*  Ann.,  131,  170  (1S64). 
•    •  Ibid.,  133,  317  (1865). 

*  Ber.,  41,  146  (1908). 
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over,  it  is  shown  in  the  present  communication  that  the  chloride  of  the 
acetyl  group,  which  radical  possesses  only  a  small  negative  polarity,' 
reacts  with  phoi^horous  acid,  which  is  a  comparatively  strong  add. 
The  known  data  ooncenung  the  reactivity  of  other  add  dilorides  upon 
hydroxyl  derivatives  are  extremdy  meager,  but  it  appears  reasonable  to- 
assume  that  the  pomt  of  equilibrium  in  such  reactions  will  depend  upon 
the  relative  polarity  oi  the  atoms  or  radides  bound  to  the  hydroxyl 
group  or  chlorine  atoms.  A  very  similar  reaction  is  that  of  benzene 
sulfodiloride  on  alcohol,  the  vdodty  of  which  is  acoderated  by  the  sub- 
stitution of  chlorine,  bromine  or  iodine  in  the  phenyl  group.'  It  is  al- 
most impossible  to  prepare  trichloracetyl  chloride  by  the  action  of  phos- 
phorus trichloride  on  trichloracetic  add,  the  yield  being  extremdy  small. 
The  ease  with  which  such  weak  add-forming  substances  as  AsClg,  SbQ,, 
Sia^,  AlCl,,  Fed,  and  COO,  hydrolyze  with  water  suggests  that  our 
knowledge  of  the  behavior  of  these  substances  toward  hydroxyl  deriva* 
tives  could  be  very  greatiy  extended. 

Bzperimenlal  Part 

Action  of  Acetyl  Chloride  on  Phosphorous  Acid. — ^The  liberation  of  hy- 
drogen chloride  by  the  action  of  acetyl  chloride  on  pure,  crystallin 
phosphorous  acid  was  quantitativdy  measured  in  the  following  manner  .-^ 
The  reaction  mixture  was  warmed  to  50^  under  a  return  condenser  and 
the  hydrodiloric  add  liberated  was  absorbed  in  water.  An  aliquot 
part  of  the  aqueous  acid  solution  was  titrated  for  total  addity  and  then  for 
total  chlorine  as  chloride.  The  hydrochloric  add  set  free  and  acetyl 
chloride  carried  over  may  readily  be  calculated  from  these  results.  Thirty- 
five  grams  of  acetyl  chloride  were  added  to  10  g.  crystallin  phosphorous 
acid.  The  liberation  of  hydrochloric  add  began  at  room  temperature 
and  at  50^  was  quite  rapid.  At  the  end  of  two  hours  the  aqueous  solu- 
tion in  which  the  gases  were  absorbed  was  titrated  and  the  results  found 
may  be  stated  as  follows: 

Onuna. 

Hydrogen  chloride  liberated 6.734 

Hydrogen  diloride  calculated  for  mono-acetyl  derivative 4.44 

Acetyl  chloride  carried  over 3-214 

A  repetition  of  the  above  experimeot,  using  15.6  g.  phosphorous  add 
and  35.0  g.  acetyl  chloride,  gave,  in  1V3  hours: 


Hydrogen  chloride  liberated 7 .677 

Hydrogen  chloride  calculated  for  mono-aoetjl  derivative 6.65 

Acetyl  chloride  carried  over 2 . 1 15 

A  third  experiment  was  made  with  the  hope  of  isolating  an  acetyh 

*  Deride,  This  Journal,  33,  1156  (191 1). 
'  Goubeau,  Chem,  Zenir,,  xgix,  II,  18. 
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compound  of  phosphorous  acid.  In  this  experiment  75  g.  acetyl  chloride 
set  free  28.61  g.  of  hydrochloric  add  from  65  g.  phosphorous  add  during 
4  hours  on  the  water  bath.  A  white  crystallin  crust  formed  on  the 
surface  of  the  phosphorous  add,  but  it  was  fotmd  to  be  impossible  to 
isolate  this  substance  in  a  pure  condition. 

The  mono-acetyl  derivative  of  phosphorous  add  was  prepared  in  a 
state  of  purity  in  the  following  way:  Five  grams  of  phosphorous  add 
were  diluted  in  40  cc.  acetic  anhydride  at  room  temperature.  To  this 
solution  10  cc.  acetyl  chloride  were  added  and  the  mixture  warmed  to 
50^,  at  which  temperature  a  white  crystallin  substance  was  deposited. 
After  standing  for  20  minutes  at  this  temperature  the  supernatant  liquid 
was  decanted,  the  crystals  washed  five  times  with  dry  ether  and  the  re- 
maining ether  removed  at  ordinary  temperature  by  exhausting  to  10  mm. 

The  substance  was  analyzed  by  heating  with  fuming  nitric  acid  to 
160®  in  a  bomb  tube.    The  phosphoric  acid  thus  obtained  was  deter- 
•  mined  gravimetrically. 

0.3403  g.  substance  gave  0.3210  g.  Mg^fij  corresponding  to  35.30%  phosphorus; 
calculated  for  CH,CO.PO,H„  25.00%  P. 

Attempts  to  prepare  this  substance  by  employing  acetic  anhydride 
alone  gave  brown,  tarry  smears  which  were  not  further  investigated. 
It  was  also  observed  that  phosphoric  anhydride  reacts  energetically 
with  acetic  anhydride  with  charring  and  evolution  of  considerable  heat. 

Action  of  Phosphorus  Trichloride  on  Acetic  Acid. — In  the  first  experi- 
ment of  this  series  40  g.  phosphorus  trichloride  (i  molecule)  and  52.5 
g.  acetic  add  (3  molecules)  were  employed.  The  two  substances  were 
simply  poured  together  and  warmed  on  the  water  bath  for  half  an  hour 
under  a  return  condenser,  in  the  usual  manner.  The  gases  were  ab- 
sorbed in  water  as  in  the  previous  experiments.  It  was  assumed  that 
both  phosphorus  tridiloride  and  acetyl  chloride  would  be  carried  over  in 
considerable  quantities  with  the  hydrogen  chloride.  These  substances 
were  quantitativdy  determined  in  the  following  manner:  Phosphorus 
trichloride  was  calculated  from  a  determination  of  phosphorous  add, 
the  latter  substance  being  determined  by  boiling  an  aliquot  part  of  the 
solution  with  bromine  water  and  determining  the  phosphoric  add  thus 
formed.  Acetyl  chloride  was  calculated  from  the  acetic  add  formed. 
The  acetic  add  was  determined  from  the  total  acidity  minus  the  phos- 
phorous and  hydrochloric  adds.  (It  was  found  to  "be  possible  to  titrate 
phosphorous  add  with  sodium  hydroxide  against  phenolphthaldn  within 
about  1 .0%  of  the  correct  value,  since  the  hydrolysis  of  NaJEIPO,  in  con- 
centrated solutions  is  very  slight.)  The  total  chlorine  was  determined 
by  titration  with  silver  nitrate.  The  experiment  may  be  summarized 
as  follows: 
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Gases:  Ot»m». 

Hydrogen  chloride  liberated 10. 67 

Hydrogen  chloride  calculated  for  [ i]  Thorpe's  equation i5-9i 

Acetyl  chloride  carried  over 7 .  347 

Phosphorus  trichloride  carried  over 0.452 

Distillate: 

Wei^t  of  crude  distillate  (acetyl  chloride  and  acetic  anhydride)  43 .0 

Weij^t  of  distillate  boiling  from  50-55^ 20. 3 

Total  acetyl  chloride  formed  approximately 27.5 

Residue: 

Wei^t 28.4 

Weight  of  residue  calculated  for  P^O. 15 .8 

Weii^t  of  residue  calculated  for  Ht^O, 34.2 

Weight  of  residue  minus  acetic  add  removed  by  distillation  with 

steam 23.6 

The  residues  evidently  consisted  of  phosphorous  add  and  a  small 
proportion  of  the  acetyl  derivative.  The  residue  v^as  heated  to  loo^- 
105^  and  a  vacuum  of  14  mm.  applied  but  nothing  distilled  over.  It 
is  therefore  conclusively  shown  that  no  phosphorous  oxide  is  formed  un* 
der  these  conditions,  since  this  substance  is  a  liquid  distilling  in  a  vacuum 
of  18  mm.  at  64.4°.  The  residue  completely  freed  from  acetyl  chloride 
and  acetic  anhydride  by  this  treatment  was  subjected  to  steam  distilla- 
tion and  5 .07  g.  acetic  acid  obtained.  From  the  above  facts  it  is  proba- 
ble that  in  the  formation  of  the  acetyl  derivative  present  in  the  residue, 
phosphorous  acid  itself  is  first  formed. 

Actum  of  Phosphorus  TriMoride  on  Acetic  Acid  According  to  Thorpe's 
Equation, — In  the  following  experiment  35  g.  of  phosphorus  trichloride 
(2  mol.)  were  added  to  22.8  g.  glacial  acetic  add.  The  experimental 
procedure  and  methods  of  calculation  were  the  same  as  in  the  previous 
experiments,  the  reaction  mixture  being  warmed  on  the  water  bath  for 
one-half  hour.    The  results  obtained  may  be  summarized  as  follows: 

Gases:  Grama. 

Hydrogen  chloride  liberated 3 .  808 

Acetyl  chloride  carried  over 5 .  250 

PQ,  carried  over i .  203  ■ 

Distillate: 

Acetyl  chloride 23.44 

PCI, II.  15 

Hydrogen  chloride 0.94 

Residue: 

Wd^t 13. 1 

The  distillate  was  analyzed  by  pouring  into  water  and  determining 
the  phosphorous  acid,  hydrochloric  acid  and  acetic  acid  as  described 
above.  The  large  amount  of  phosphorus  trichloride  recovered  is  par- 
ticularly worthy-  of  note.    The  residue  could  not  be  distilled  at  100^ 
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and  14  mm.  Analysis  showed  it  to  contain  36.02%  phosphorus;  calcu- 
lated for  H3PO,,  37 .  80%. 

These  facts  show  conclusively  that  also  under  these  conditions  no 
phosphorous  oxide  is  formed.     Equation  (i)  is  therefore  wrong. 

The  low  per  cent  of  phosphorus  in  the  residue  and  the  hydrochloric 
acid  liberated  are  probably  due  to  the  formation  of  a  small  amount  of  the 
mixed  anhydride. 

The  Formation  of  Acetic  Anhydride. — ^Thorpe  suggested  that  the  forma- 
tion of  acetic  anhydride  in  his  experiments  might  have  been  due  to  the 
dehydrating  action  of  the  phosphorous  oxide  on  acetic  add  or  to  the 
action  of  acetyl  chloride  on  acetic  acid.  According  to  my  results  the 
latter  view  is  the  correct  one. 

As  the  preparation  of  acetyl  chloride  is  ordinarily  carried  out  the  yield 
is  considerably  diminished  by  the  formation  of  acetic  anh}rdride,  unless 
a  large  excess  of  PCI3  is  taken.  It  is  commonly  observed  that  if  the  quan- 
tities required  by  equation  (i)  are  taken,  littie  or  no  acetic  anhydride  is 
formed.  The  reason  for  this  becomes  readily  apparent  if  one  considers 
the  equilibrium 

CHjCOOH  +  CH,C0C1  ±5:  (CH,CO),0  +  HQ, 

and  the  effect  which  the  addition  of  PCI,  would  have  upon  such  a  mix- 
ture in  equilibrium.  Obviously,  the  result  would,  by  the  removal  of 
acetic  acid  with  the  formation  of  more  acetyl  chloride,  lead  to  the  con- 
version of  more  anhydride  into  chloride,  provided  that  the  hydrogen  chlor- 
ide had  not  been  removed  by  the  return  condenser  route.  If  this  is  the 
function  of  the  excess  of  phosphorus  trichloride  it  should  be  possible  to 
obtain  acetyl  chloride  by  passing  hydrochloric  add  into  a  mixture  of  acetic 
anhydride  and  phpsphorus  trichloride.  This  is  corroborated  by  the 
following  experiment: 

Dry  hydrogen  chloride  was  passed  into  a  mixture  of  25  g.  acetic  anhy- 
dride (3  molecules)  and  15  g.  phosphorus  trichloride  (1V4  molecules). 
Hydrogen  chloride  was  rapidly  absorbed,  the  solution  becoming  warm 
and  depositing  phosphorous  acid.  Distillation  gave  36 . 5  g.  acetyl  chlor- 
ide boiling  between  50-57®,  the  theoretical  yidd  being  38.4  g.  Doubt- 
less a  small  quantity  of  acetylphosphorous  add  was  also  formed. 

The  results  of  the  above  experiment  indicated  that  on  the  prepara- 
tion of  acetyl  chloride  according  to  equation  (2),  as  ordinarily  done  in 
the  laboratory,  t.  «.,  under  a  return  condenser,  the  hydrochloric  add  neces- 
sary for  the  conversion  of  the  acetic  anhydride  into  the  chloride  is  re- 
moved from  the  reaction  mixture.  This  view  is  supported  by  the  follow- 
ing experiment:  Twenty-five  grams  of  gladal  acetic  add  (3  molecules) 
were  treated  with  24  g.  phosphorus  trichloride  (1V4  molecules)  and  the 
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reaction  mixture  allowed  to  stand  at  18°  for  six  hours  under  a  slight  pres- 
sure (equal  to  10  cm.  concentrated  sulfuric  add).  A  small  amount  of 
hydrochloric  acid  was  slowly  and  regularly  given  ofif.  On  distillation 
31 .0  g.  acetyl  chloride  boiling  from  50^  to  55^  were  obtained;  theoretical 
jrield,  32.5  g.  It  is  therefore  evident  that  the  formation  of  acetic  anhy- 
dride can  be  reduced  to  almost  nil  by  a  simple  modification  of  the  experi- 
mental conditions.  So  far  as  reduction  of  the  yield  of  chloride  is  con- 
cerned the  formation  of  acetic  anhydride  is  usually  a  more  serious  factor 
than  the  formation  of  acetylphosphorous  acid. 

In  conclusion,  jt  might  be  stated  that  the  yellow  or  brown  color  of  the 
phosphorous  add  residue,  which  is  often  assumed  to  be  due  to  phos- 
phorus, is  probably  due  to  the  decomposition  of  acetylphosphorous  add 
since  it  has  been  observed  that  at  approximatdy  100^  this  substance 
melts  with  slight  decomposition  turning  ydlow  to  brown  in  color. 

Swmnary. 

It  has  been  proven  that  the  action  of  phosphorus  trichloride  on  acetic 
add  may  be  represented  by  the  following  equations: 

(a)  3CH,COOH  +  PCI,  — ►  CH,COa  +  H,PO, 

Two  secondary  reactions  take  place,  the  most  important  of  which  is 
expressed  by  the  reaction 

(b)  CHjCOOH  +  CH,COa  ±1^  (CH,CX))aO  +  HCl. 

This  reaction  may  be  minimized  by  a  simple  modification  of  the  con- 
ditions of  the  experiment.  The  secondary  reaction  next  in  importance 
is  the  formation  of  a  mixed  anhydride  of  phosphorous  and  acetic  adds 
expressed  by  the  equation 

<(0H), . 
O.OC.CH,  +  HCl. 

The  equation,  given  in  many  standard  books,  expressing  the  reaction 
of  phosphorus  trichloride  on  acetic  add  with  the  formation  of  phosphorous 
oxide  is  tmqualifiedly  wrong. 

It  is  obviously  possible  to  extend  and  amplify  this  investigation  in 
many  directions,  and  the  author  regrets  that  the  press  of  other  work  pre- 
vents further  experiments  along  these  lines. 

The  author  desires  to  express  his  indebtedness  to  Professor  William 
McPherson;  of  Ohio  State  University,  for  first  calling  his  attention  to  our 
unsatisfactory  knowledge  of  the  reaction  discussed  above. 

Labokatokt  of  Obnxkal  Crbmistry, 
VmwwmMm  of  OOmifOBK. 
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THE  COirVBRSION  OF  CnfCHOIfinB  AND  QUIITINB  DTTO  THEIR 

poisonous  ISOMERS,  CmCHOTOXIHE  AlTD  QUDTOTOXIITE, 

Aim  THE  RELATION  OF  THIS  COITVERSIOir  TO  THE 

TOXICITY  OF  THE  CBfCHOlTA  ALKALOIDS.' 

By  H.  C  Biddlb.* 
Received  Pebfoary  3.  1912. 

It  was  shown  by  v.  Miller  and  Rohde/  in  1895,  that  prolonged  heat- 
ing of  cinchonine  with  acetic  add  at  a  temperature  of  100^  leads  to  the 
formation  of  a  substance  isomeric  with  dnchonine^  to  which,  because  of 
its  poisonous  properties,  they  gave  the  name  of  cinchotoxine.  Prom 
its  method  of  preparation  and  its  low  optical  activity,  they*  suspected 
this  new  substance  to  be  identical  with  a  similar  isomeric  body,  dncboni- 
cine,  which  had  been  obtained  more  than  forty  years  before  by  Pasteur^ 
through  fusion  of  the  salts  of  cinchonine,  preferably  the  bisulfate,  and 
which  had  subsequently  been  studied  by  a  number  of  investigators.' 
Cinchotoxine,  however,  was  obtained  by  v.  Miller  and  Rohde  in  a  crys- 
tallin  form  differing  from  that  of  cinchonicine.  This  discrepancy  re- 
mained unexplained  until  five  years  later,  when  Brunner*  showed  that 
the  substance  is  dimorphic  in  its  crystalline  habit  and  is  in  every  way 
identical  with  the  cinchonicine  of  Pasteur. 

The  chemical  properties  of  cinchotoxine  indicate  that  it  is  a  secondary 
base  containing  a  ketone  grouping  in  the  molecule.''  Cinchonine  itself 
is  a  tertiary  base  with  a  hydroxyl  group  in  the  molecule.  The  transforma- 
tion of  cinchonine  into  cinchotoxine  may,  consequently,  be  represented 
by  the  following  molecular  change: 

C  — C(OH)  — R  C  — C:0  — R 

II      /.  — ►     II 

N/  NH 

Cinchonine.  Cinchotoxine. 

This  rearrangement  takes  place  in  the  so-called  "second  half"  of  the 
cinchonine  molecide  aud  is  indicated  somewhat  more  clearly  in  the  fol- 
lowing possible  formulas  of  Rabe,*  which,  among  others,  have  been 
suggested  for  cinchonine  and  cinchotoxine: 

^  Biddle,  Preliminary  report  before  the  42nd  meeting  of  Am.  Chem.  Soc.,  San 
Prancisco,  July,  19 10  (Abstract  in  Science,  32,  486). 

'  The  experimental  work  in  this  investigation  has  in  part  been  carried  out  in  con- 
junction with  two  of  my  students,  O.  L.  Brauer  and  T.  B.  Kelly. 

*  Miller  and  Rohde,  Be\,  27,  1187,  1279  (1894);  ^^9  1056  (1895). 

*  Pasteur,  Jahrb,,  1853,  473;  Campt.  rend.,  37,  no  (1853). 

•Hesse,  Ann.,  147,  242  (1868);  166,  277  (1873);  178,  253  (1875).  Howard,  J, 
Chem.  Soc.f  25,  102  (1872).     Roques,  Bull.  soc.  chim.,  [3]  13,  1007  (1895). 

•  V.  Miller  and  Rohde,  Ber.,  33,  3214,  3220  (1900). 
^  Ibid.,  28,  1056  (1895). 

•  Rabe,  Ann.,  364,  334  (1909);  373,  88,  92  (1910). 
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CH 


/1\ 

CH,  CH,  CH— CH  = 

(C,H,N)— CH(OH)  -  CH    CH,   CH, 


N 
Cmchonine. 


CH 


CH,  CH,  CH  — CHsCH, 
(C,H»N)  —  C  :  O — CH,  CH,  CH, 


Cinchotozine. 
This  peculiar  molecular  rearraxigement  to  which  cinchonine  is  subject 
at  higher  temperatures  is  not  confined  to  this  alkaloid.  Other  cinchona 
alkaloids^  imder  similar  conditions  experience  a  like  change.  Thus, 
quinine,  after  prolonged  boiling  with  acetic  acid,  is  converted  into  a 
poisonous  isomer,  quinotoxine.  The  change  in  this  case  may  be  repre- 
sented by  the  following  formulas: 

CH 

CH,  CH,  CH-CH«:CH, 
(CH,OC,HjN)  — CH(OH)— CH     CH,  CH, 

\i/ 

N 
Quinine. 

CH 

CH,  CH,  CH~CH  =  CH, 

I        I        I 
(CH,OC,H4N)  — C:0  — CH,  CH,  CH, 

1/ 

Quinotoxine. 
Quite  remarkable  is  the  changje  in  ph3rsiological  properties  experienced 
by  the  cinchona  alkaloids  after  they  have  undergone  this  molecular  re- 
arrangement. Both  cinchonine  and  quinine  lose  entirely  their  charac- 
teristic febrifugal  action  and  become  intensely  poisonous.  On  this  ac- 
count, as  has  already  been  indicated,  v.  Miller  and  Rohde  gave  to  the 
nev^  products  the  names  cinchotoxine  and  quinotoxine  and  likened  their 
poisonous  action  to  that  of  digitoxin,  the  highly  poisonous  constituent 
of  digitalis  leaves.  According  to  the  recent  investigations  of  Hilde- 
'  V.  Miller  and  Rohde,  Ber.,  a8,  1056  (1895). 


^    I 


502  H.   C.  BIDDLE. 

brandt,^  the  specific  action  of  dnchotoxine  in  warm-blooded  animals 
is  to  induce  violent  convulsions,  resulting  in  death  if  the  dose  is  sufficiently 
large.    The  action  of  quinotoxine  is  similar,  although  less  in  intensity. 

According  to  this  investigator,  the  toxicity  of  dnchotoxine  and  quino- 
toxine is  largely  to  be  ascribed  to  the  presence  of  the  imide  group  in  the 
molecule. 

In  the  administration  of  the  salts  of  cinchonine  and  of  quinine  as  a 
febrifuge,  physicians'  not  infrequently  report  cases  in  which  the  action 
of  the  drugs  appears  to  be  abuormal.  Such  abnormal  action,  if  accounted 
for  at  all,  has  been  generally  ascribed  to  some  idiosyncrasy  of  the  patient. 
The  thought  occurred  to  me  some  time  ago  that  the  toxic  action  of  cincho- 
nine and  quinine  might  be  due  to  the  formation  in  the  system  of  small 
quantities  of  dnchotoxine  and  quinotoxine.  With  this  thought  in  mind 
the  following  investigation  was  tmdertaken  to  determin  with  greater 
exactness  the  conditions  under  which  cinchonine  and  quinine  are  con- 
verted into  their  poisonous  isomers.  The  results  obtained  are  significant. 
It  has  been  found  that  adds  of  not  too  large  dissociation  constants, 
such  as  the  organic  adds,  under  suitable  conditions,  play  a  remarkable 
role  as  catalyzers  in  e£fecting  the  conversion  of  the  cinchona  alkaloids 
into  thdr  poisonous  isomers.  It  has  been  found,  furthermore,  that  these 
alkaloids  give  rise  to  their  toxic  isomers  under  conditions  which  may 
obtain  in  portions  of  the  digestive  tract,  that  under  favorable  conditions, 
indeed,  partial  conversion  will  take  place  at  ordinary  atmospheric  tem- 
peratures. 

'     Cinchotozine. 

I.  Preparation  and  Properties  of  dnchotoxine. — dnchotoxine  was  pre- 
pared according  to  the  method  of  v.  Miller  and  Rohde*  by  heating  at  the 
boiling  temperature  for  thirty-five  hours  a  mixture  of  ten  grams  of  cin- 
chonine, ten  grams  of  gladal  aoetic  add,  and  one  hundred  and  thirty  cc 
of  water.    The  brownish  red  solution  when  cooled  was  treated  with  ex- 
cess of  sodium  hydroxide  and  the  light  brown  oil  which  separated  was  ex- 
tracted with  ether.     Instead  of  dr3ring  the  ethereal  solution  with  solid 
potassium  hydroxide,  as  did  v.  Miller  and  Rohde,  it  was  found  more 
advantageous  to  effect  dehydration  by  treatment  with  caldum  carbide. 
Unchanged  cinchonine  being  practically  insoluble  in  dry  ether  is  pre- 
cipitated (except  traces)  when  the  solution  is  dried.    The  excess  of  ether 
was  then  evaporated  off  in  a  stream  of  dry  hydrogen.     The  dnchotoxine 
is  left  as  a  light  brown  oil,  which  when  wdl  cooled  gradually  solidifies 
to  a  crystallin  mass.     After  recrystallization    from  dry  ether,  the  sub* 

*  Hildebrandt,  Archiv.  fur.  Ex.  Paik.  u.  Pharm.,  59,  127  (1908). 

'  We  are  indebted  to  Dr.  F.  R.  Woolsey,  of  Berkeley,  for  report  on  a  number  of 
these  cases. 

*  V.  Miller  and  Rohde,  Ber.,  28,  1064  (1895). 
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stance  melts  with  prdiminary  sof  teniiigi  as  given  by  v.  Miller  and  Rohde, 

at58-59^ 
The  oystals  give  the  characteristic  reddish-purple  coloration  witb  an 

alkalme  solution  of  diazobenzene  sulfonic  add*  and  with  nitrobencene 

CQntaining  in  solution  dinitrothiophene.' 

A  few  of  the  salts  of  dnchotoxine  are  described  in  the  literature.* 

The  hydriodide,  Ci^2i^,0.HI,  was  prepared  by  neutralizing  cincho- 

toxine  with  bydriodic  add.    The  salt  as  recrystallized  from  alcohol  is 

obtabed  in  large  brown  prisms.    A  nitrogen  determination  led  to  the 

following  results: 

0.3  gram  substance;  17.7  cc.  N,  at  24^  and  755.5  mm. 
Calculated  for  C,^aN,O.HI:  N,  6.65;  found,  6.6%. 

The  following  salts  prepared  by  neutralizing  dnchotoxine  with  the 
corresponding  add  and  purified  by  recrystallization  from  alcohol  were 
not  analyzed : 

Cinchotoxine  sulfate,  white,  crystalline  plates,  m.  p.  56^. 

Cinchotoxine  lactate,  colorless  plates,  m.  p.  56°. 

Cinchotoxine  propionate,  white  plates,  m.  p.  59^. 

2,  Conversion  of  Ctnchondne  into  Cinchotoxine  at  100^. — In  the  conver- 
sion of  cinchonine  into  cinchotoxine  by  fusion  of  the  bisulfate,  Pasteur 
employed  temperatures  of  160®  and  above.  Similarly,  Hesse  effected 
the  transformation  at  temperatures  above  130^.  As  we  have  seen,  a 
practically  quantitative  conversion  of  the  alkaloid  into  its  poisonous 
isomer  is  brought  about  by  heating  cinchonine  with  acetic  acid  at  100^. 
The  suggestion  natmally  presents  itself  that  possibly  the  particular  add 
concern^  may  have  some  influence  upon  this  molecular  change.  To 
determin  this  point  a  series  of  experiments  was  carried  out  in  which 
like  quantities  of  cinchonine  were  heated  at  100^  for  the  same  length 
of  time  with  excess  of  different  adds  and  the  actual  amount  of  conver- 
sion produced  was  determined  by  isolating  and  weighing  the  dncho- 
toxine formed.  It  was  found  that  some  change  was  effected  in  the  case 
of  all  the  adds  used,  but  that  the  amount  of  conversion  varied  between 
the  widest  limits.  Organic  adds  such  as  acetic  and  propionic  gave  al- 
most quantitative  diange,  while  in  the  case  of  the  highly  ionized  mineral 
adds,  such  as  hydrodiloric  add,  the  cinchotoxine  produced  was  simply 
a  trace. 

These  restdts  seemed  to  indicate  the  possibility,  on  the  one  hand,  of  a 
strong  catalyzing  influence  on  the  part  of  certain  organic  adds,  and  on 

'  Penzoldt  and  Fisher,  Ber,,  16,  657  (18S3).    v.  BliUer  and  Rohde,  /btd.,  aS,  1058 

(«895). 

■  V.  Meyer,  Ibid,,  17,  2778  (1884);  18,  533  (1885).  v.  Killer  and  Rohde,  Ibid.,  33, 
3223  (1900). 

*  Hease,  Ann.,  178,  356  (1875).  Roques,  BnU,  soc.  chim,,  [3]  13,  1007  (1895). 
Howard,  /.  Ckem.  Soc.,  25,  102  (1872). 
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the  other  hand  an  inhibiting  influence  due  to  the  concentration  of  the  hy- 
drogen ions.  In  order  that  further  light  might  be  thrown  upon  these 
points,  a  series  of  experiments  was  carried  through  with  different  acids 
in  solutions  of  known  concentration  with  respect  to  the  hydrogen  ion. 
To  determin  the  concentration  of  the  hydrogen  ions,  recourse  was  had 
to  the  colorimetric  scheme  proposed  by  E.  Salm,*  his  series  of  standard 
solutions  varying  from  2  N  hydrogen  ion  to  i  X  io~*'  N  hydrogen  iou 
being  used  as  a  basis  of  comparison.  The  following  eight  indicators 
were  employed  in  determining  the  normality  of  the  hydrogen  ion :  cochi- 
neal, hematdn,  congo  red,  litmus,  methyl  orange,  methyl  violet,  ^-nitro- 
phenol,  phenacetolin,  phenolphthalein,  rosolic  add  and  soditun  alizarin 
sulfonate. 

In  the  experiments  whose  results  are  tabulated  below,  the  mode  of  pro- 
cedure was  uniformly  as  follows:  The  add  was  added  to  5  g.  of  cincho- 
nine  in  65  cc.  of  water.  The  mixture  was  then  heated  for  48  hours  on 
an  dectric  heater  at  98-102°.  The  cooled  solution  was  thereupon  treated 
with  excess  of  sodium  hydroxide  and  the  cinchotoxine  and  unchanged 
dnchonine  extracted  with  ether,  care  being  taken  to  follow  like  condi- 
tions of  procedure  in  each  case.  After  the  ethereal  solution  had  been 
freed  from  moisture  and  all  but  traces  of  dissolved  dnchonine  by  treat- 
ment with  caldum  carbide,  the  ether  was  evaporated  off  and  the  wdght 
of  the  dry  residue  determined,  when  it  had  become  constant.  This  resi- 
due presented,  in  every  case  in  which  there  was  suffident  for  examina- 
tion, the  characteristic  properties  of  cinchotoxine. 

During  the  process  of  heating,  the  solutions  in  all  cases  were  more  or 
less  colored  from  the  formation  of  resinous  matter  insoluble  in  ether. 
In  general  those  solutions  were  least  colored  in  which  the  lesser  amount 
of  cinchotoxine  was  formed.  In  those  cases  in  which  practically  a  quan- 
titative conversion  to  dncbotoxine  was  effected  slight  quantities  of  an 
oily  resin  insoluble  in  ether  were  frequently  obtained.  These,  in  many- 
cases,  contained  traces  of  unchanged  dnchonine. 

It  should  be  stated  that  the  results  following  are  to  be  regarded  only 
as  roughly  quantitative,  the  object  being  to  determin  the  influence  of 
the  reagent  in  question  on  the  general  course  of  the  reaction.  Further- 
more, the  colorimetric  scheme  of  Salm  is  open  to  critidsm  as  to  its  ac- 
curacy when  used  in  the  presence  of  such  substances  as  the  salts  of  dncho- 
nine. The  observed  concentrations  of  the  hydrogen  ions  are,  consequently, 
to  be  regarded  as  presenting  only  approximate  values. 

The  results  obtained,  however,  dearly  reveal  a  most  remarkable  case 
of  catalysis  concerning  which  I  presented  a  prdiminary  report  before 
the  section  in  organic  chemistry  of  the  42nd  general  meeting  of  the  Amer- 
ican Chemical  Society,  hdd  in  San  Frandsco,  July,  1910.^ 

*  Z.  physik.  Chem.f  57,  471  (1906). 

■  In  November,  1910,  Rabe  reports  (Ber.,  43,  3308)  certain  work  carried  out 
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SO§ 


Tabls  I. 


Ratio  of 
dachoniiie 
(1  mol.)  to 


Acid. 

I    Hydrochloric i 

a    Oxalic i 

3  Dichlor acetic i 

4  Monochloracetic. . .  i 

5  Tartaric i 

6  Malic I 

7  Formic i 

8  Lactic I 


ApproKimate  dncho-  Unchanged 

itration  DiMocia-  toxint   dachonuw 
coH'  fomcd.  vccovcfcd> 
■tant  K.    Grama.    Orama. 


[l  moi.;  to  Gonoeatration  dim 
aqtilvalciit    of  hydroccn    tion 
of  acid.  ion.  ■tani 


4 
4 
3 


4 

4- 
8 

4 


5 
5 


X 
X 


lO' 


,-» 


lO 


-1 


X  lo 
X  lo 


.-i 


J   I  X  io-»? 
)-i  X  io-»J 


lO 

xo 


lO 


9    Citric 1:4 


10  Acetic I 

11  Acetic I 

12  Hydrochloric i 

13  Hydrochloric 

(Cinchonxne  hy- 
drochloride)      X 

14  Sulfuric      (dncfao- 

xiine  sulfate) i 

15  Tartaric      (Cincho- 

nine  tartrate,  5  g. 
of  dttchonine  ia 
1 75  oc.  of  solution)   i 

16  Tartaric      (Cincho- 

nine  tartrate,  5  g.  . 
of  dnchooine  iu 
175  CO.  of  solu- 
tion) and  sodium 
potassium  t  a  r  - 
trate  (5  mol.) i 


30      I 

5         X 

X.2       I  X    10"* 


X 

X 

X 

X 

X 

X 

X 

X  10 

X  10 


,-• 


-I 


.-i 


J  I  X  io-»? 
{-I  X  io-*J 


r-l 


r-« 


51 

0.155 

0.097 
0.0395 

0.0214 

0.0138 


0.0018 
0.0018 


None 
o.  I 
0.1 

0.5 

4.6 

4.7 
4.6 

4.7 

4-7 

4.6 

4.7 
0.12 


4-7 

4-7 
4.8 

41 
None 


AUMMlOt  of 

convcnion . 
None 

2.0% 
2.0% 

10.0% 

Quantitative 


4-7 


I  X  xo-« 


I  X  io-« 


0.15      4.75 


0.2 


4.6 


'4/0 


3.0% 
4.0% 


I  X  io-« 


0.5 


4.» 


10.0% 


10 


0.5        4.3        10.0% 


From  these  experiments  it  is  seen  that  cinchonine  gives  rise  to  dncho- 
toxine  when. salts  of  the  alkaloid  either  with  or  without  excess  of  acid 
are  heated  in  aqueous  solution  at  98-102®.  With  excess  of  acid  the  speed 
of  conversion,  or  the  amount  of  change  in  unit  time,  in  general  increases 
with  acids  of  decreasing  dissociation  constant.  With  such  acids  as  hydro- 
chloric, oxalic,  dichloracetic  and  monochloracetic,  the  rate  of  conver- 
sion is  comparatively  slow,  nor  is  this  rate  of  conversion  much  affected 
by  lowering  the  concentration  of  the  hydrogen  ion  of  a  strong  acid  such 
as  hydrochloric,  as  is  shown  in  Expt.  12.  A  similar  slow  rate  of  con- 
by  McMiUan  on  the  accelerating  action  of  weak  a  ids,  such  as  many  of  the  organic 
adds,  on  the  conversion  of  cinchonine  into  cinchotoxine.  He  has,  apparentiy,  over- 
looked the  fact  that  four  months  before  I  brought  out  the  same  points,  in  addition  to 
others,  in  my  preliminary  report  before  the  American  Chemical  Society  in  San  Fran- 
ci  CO  and  that  an  abstract  of  said  report  was  published  in  the  October  number  of  Science, 
3a,  486  (1910). 
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version  obtains  in  the  case  of  the  neutral  salts,  such  as  the  hydrochloride 
and  sulfate.  With  excess  of  acids  of  small  dissociation  constant  such  as 
tartaric,  malic,  formic,  lactic,  citric,  and  aeetic,  the  rate  of  change  is 
enormously  increased  so  that  within  48  hours,  under  the  conditions  of 
the  experiment,  the  conversion  is  quantitative.  This  increase  in  speed 
of  conversion,  apparently,  does  not  take  place  in  case  of  the  monacid 
salts  of  cinchonine  with  these  acids  even  in  the  presence  of  excess  of  the 
neutral  salts  of  such  acids,  as  is  shown  in  Expts.  15  and  16. 

In  order  that  more  definit  information  might  be  obtained  regarding 
the  comparative  speed  of  conversion,  experiments  were  carried  out  whose 
results  are  recorded, in  Table  II.  5  g.  of  cinchonine  were  used  in  each 
case  with  5  equivalents  of  acid  in  65  cc.  of  water. 

Tablb  II. 

Time  of  heating. 


6  hows. 


24  hours. 


48  hours. 


I 
2 

3 
4 


Acid.  K. 

Hydrochloric 

Monochloracetic . .     3 .  155 

Tartaric 0.097 

Acetic 0.0018 


Cincho-     Cincho-    Cincho-   Cincho-      Cincho-     Cincho- 
toxine        nine        toxine        nine  tozine         nine 

formed,  recovered,  fonned.  recovered,  formed,  recovered. 
Grams.     Grams.     Grams.    Grams.       Grams.      Grams. 


...  ...         0.2         4*5 

1.7         30        4-5         02 
2.4        2.2        4.7      None 


None 

0.3 
4.7 


4.6 

4-4 
None 


The  enormous  increase  in  the  speed  of  conversion  observed  in  passing 
from  monochloracetic  to  tartaric  acid  seems  remarkable  in  view  of  the 
little  difference  between  the  dissociation  constants  of  these  adds.  But 
these  results  are  in  accord  with  those  found  in  Table  I,  where,  as  is  seen,  a 
marked  change  occurs  at  this  point.  In  tbe  case  of  the  acetic  acid,  as 
may  be  noted,  conversion  to  the  extent  of  50%  occurs  within  6  hours. 

Tablb  III. 


I 
2 

3 

4 

5 
6 

7 
8 


Acid.  • 

Hydrochloric 

Hydrochloric  and  acetic. . 

Dichloracetic 

Dichlor acetic  and  acetic. . 

Hydrochloric 

Hydrochloric  and  acetic. . 

Hydrochloric  (Cinchonine 
hydrochloride) 

Hydrochloric  (Cinchonine 
hydrochloride)  and  so- 
dium dihydrogen  phos- 
phate (NaH^PO^-HgO). . 


Ratio  of  cincho- 
nine (1  mol.)  to 
equivalent  of 
add. 


Approximate 

concentration    Cincho-  Unchan|red 
_*,__--. toxine     cinchonuae 

formed,  recovered.  Angiount  of 
Grams.       Grams. 


of  hydrogen 
ion  in  the 
solution. 


I 
I 
I 
I 
I 
I 


4 

4  :5 
3-5 


3 
I 

I 


5 
2 

2 


I  X  lo* 

I  X  lo- 

I  X  lo" 

I  X  10 

I  X  lo" 

I  X  10- 


I  X  10 


-• 


None 
0.2 
0.1 
0.18 
0.12 
4-2 

0.15 


4.7 
4.8 

4.8 
4.7 


4.6 


Amc 
conversion. 

None 

4-o% 
2.0% 
3.6% 

2.4% 
84.0% 


4.0% 


I  X  io~*        4.7       None  Quantitative 


The  catalyzing  influence  of  the  weaker  acid  appears  also  in  the  case 
of  the  monacid  salts  of  cinchonine  with  the  more  strongly  dissociated 
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acids,  such  as  cinchonine  hydrochloride.  This  is  shown  in  the  preceding 
results  which  were  obtained  under  the  same  conditions  of  heating  as  those 
given  in  Table  I. 

As  may  be  seen  from  these  results  when  the  strongly  dissociated  acid, 
such  as  hydrochloric,  is  present  in  sufficient  quantity  to  form  the  di- 
acid  salt  of  cinchonine  or  is  in  excess  of  this  amount,  the  less  dissociated 
acid  apparently  exerts  a  weak  catalytic  action  but  the  acceleration  is 
practically  negligible.  If,  however,  the  strongly  dissociated  acid  is  pres- 
ent only  in  sufficient  quantity  to  form  the  monacid  salt  of  cinchonine 
or  is  but  sligntly  in  excess  of  this  quantity,  presence  of  sufficient  quan- 
tity of  the  less  dissociated  acid  suffices  to  effect  practically  quantitative 
conversion  of  cinchonine  into  cinchotoxine  within  48  hours.  The  rate  of 
conversion  is,  consequently,  apparently  closely  dependent  upon  the  condi- 
tion of  the  less  basic  or  second  nitrogen  atom  in  the  cinchonine  molecule. 
From  these  considerations  it  might  be  suggested  that  an  explanation 
of  this  remarkable  case  of  catalysis  is  to  be  sought  under  the  phenomena 
of  hydrolysis.  As  a  study  of  the  conditions  of  this  conversion  is  bSng 
continued  with  the  idea  of  more  fully  determining  its  nature,  I  wish  for 
the  present  to  withhold  an  interpretation  of  the  reaction  until  further 
data  is  obtained. 

J.  Conversion  of  Chichomne  into  Cinchotoxine  at  j6®. — ^The  formation 
of  cinchotoxine  from  cinchonine  may  be  effected  in  the  presence  of  the 
preceding  catalyzing  agents  at  temperatures  as  low  as  36°,  or  at  tempera- 
tures corresponding  to  those  occurring  in  the  body.  The  conversion  at 
these  temperatures  is  in  every  case  slight — a  matter  which  renders 
somewhat  tedious  the  separation  of  the  cinchotoxine  from  the  unchanged 
cinchonine  in  attempting  to  determin  the  amount  of  the  former  pro- 
duced. Fortunately  a  ready  method  for  the  detection  of  cinchotoxine 
is  found  in  the  two  color  tests  already  referred  to,  viz,,  that  with  an 
alkaline  solution  of  diazobenzene  sulfonic  acid  and  that  with  a  solution 
of  dinitrothiophene  in  nitrobenzene. 

The  Diazobenzene  Stdfonic  Acid  Reagent. — ^This  is  most  conveniently 
prepared  by  making  a  freshly  saturated  aqueous  solution  of  the  free  acid. 
The  solution  to  be  tested  is  added  to  2-3  cc.  of  the  solution  of  the  re- 
agent, after  the  latter  has  been  rendered  alkaline  by  the  addition  of  a 
little  caustic  soda.  If  cinchotoxine  is  present,  the  solution  is  colored 
within  5-15  minutes,  the  color  varying  from  a  light  pink  to  a  deep  reddish 
violet,  according  to  the  amount  of  cinchotoxine  present.  The  reaction 
is  determined  apparentiy  by  the  presence  in  cinchotoxine  of  the  carbonyl 
group,  as  it  is  yielded  by  aldehydes  and,  in  general,  somewhat  less  pro- 
nouncedly by  ketones.* 

*  Penzoldt  and  Fischer,  Ber.,  16,  657   (1883).     v.  Miller  and  Rohde,  Ibid.,  28, 
1058  (1895). 
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This  color  test,  unlike  the  other,  may  be  used  directly  in  testing  the 
alkaline  solution  from  which  the  cinchonine  and  cinchotoxine  have  been 
precipitated  by  the  addition  of  an  alkali.  If  much  cinchotoxine  has  been 
formed,  sufficient  will  remain  in  solution  to  give  a  distinct  reaction.  Small 
amounts,  however,  may  escape  detection  in  this  application  of  the  reagent. 

The  Dinitroikiophene  Reagent. — ^This  was  prepared  by  dissolving  dini- 
trothiophene  in  pure  nitrobenzene  (i  :  200).  Ordinary  impure  nitro- 
benzene frequently  contains  sufficient  dinitrothiophene  to  serve  as  an 
indicator.  To  1-2  cc.  of  the  reagent  is  added  a  few  drops  of  alcohol  and 
then  the  substance  to  be  tested.  Presence  of  cinchotoxine  is  indicated 
by  a  color  change  varying  from  light  reddish  yellow  to  a  deep  wine-red 
(with  at  first  a  distinct  violet  tint)  according  to  the  amount  of  cincho- 
toxine present.  Brunner*  considered  the  reaction  to  depend  upon  the 
imide  group  in  cinchotoxine,  but  it  seems  more  reasonable  to  consider  it 
as  due  to  the  pronounced  basic  character  of  this  substance,  since  the  reac- 
tion#is  given  vigorously  by  such  strong  bases  as  sodium  hydroxide  and 
triethylamine,  and  much  less  vigorously  by  weaker  bases  such  as  aniline 
and  ethyl  aniline.  In  employing  tbe.dinitrothiophene  reagent,  the  cincho- 
toxine was  freed  from  sodium  hydroxide  and  all  but  traces  of  co-precipi- 
tated cinchonine  by  extracting  with  ether.  The  ethereal  solution,  after 
dehydration  with  calcium  carbide,  was  evaporated  to  dryness  and  the 
residue  taken  up  with  a  little  ether,  and  was  added  directly  to  2-4  drops 
of  the  reagent  together  with  a  little  alcohol. 

To  determin  the  influence  of  the  various  acids  upon  cinchonine  at 
lower  temperatures,  a  series  of  experiments  was  carried  out  at  36  ^^  sim- 
ilar to  those  conducted  at  100°.  In  these  experiments  the  method  of 
procedure  was  in  general  like  that  followed  in  the  preceding  case.  The 
bases  were  precipitated  with  excess  of  sodium  hydroxide  and  both  the 
alkaline  solution  and  the  unchanged  cinchonine  carefully  extracted 
with  ether.  The  cinchotoxine  obtained  on  evaporation  of  the  dried  solu- 
tion was  freed  from  traces  of  cinchonine  by  solution  in  a  little  dry 
etJier.  It  was  thus  possible  to  detect  and  to  isolate  even  traces  of  cincho- 
toxine from  a  large  quantity  of  unchanged  cinchonine.  The  cinchotoxine 
obtained  at  the  lower  temperature  gives  the  vigorous  color  reactions 
with  dinitrothiophene  in  nitrobenzene  and  with  diazobenzene  sulfonic 
acid  and  in  all  its  properties  is  identical  with  that  obtained  at  the  higher 
temperature. 

In  making  the  colorimetric  tests,  the  cinchotoxine  was  ordinarily  dis- 
solved in  a  little  pure,  dry  ether  and  this  solution  was  added  to  the  re- 
agent in  question.  The  ether  employed  throughout  the  work  was  care- 
fully freed  from  vinyl  alcohoP  and  other  impurities  which  are  found  in 

*  V.  Miller  and  Rohde,  Ber.,  33,  3223  (1900). 
*Poleck,  Thumrael,  Ibid.,  22,  2863  (1889). 
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ordinary  ether  and  which  would  give  color  reactions  with    an   alkalin 
solution  of  diazobenzene  sulfonic  acid. 

In  the  experiments  (excepting  the  last)  recorded  in  the  following  table, 
the  acid  in  each  case  was  dissolved  in  lo  cc.  of  water  and  the  aqueous 
solution  added  to  2%  g.  of  cinchonine.  The  temperature  was  then 
maintained  at  36°  for  48  hours: 

Tablb  IV. 

Ratio  of 

cinchonine  Approx- 

(1  mol.)  to  imate  per 

equivalent  cent  m 

Acid.  of  acid.  Cinchotozine  formed,    conversion.  Remarks. 

1  Hydrochloric 1:5  None  •  Solution    scarcely 

colored  by  heating 

2  Hydrochloric 1:5  *  Solution     scarcely 

colored  by  heating 

3  Sulphuric   (Cinchonine 

bisulfate) 1:2  * 

4  Formic 1:6        Slight  amount  Solution    strongly 

colored  by  heating 

5  Acetic 1:5  *  (0.02  g.)     0.8 

6  Acetic 1:5  "  (0.025  gO    I  -o 

7  Propionic 1:5  ■  (0.04  g.)      1.6 

8  Malic 1:7  « 

9  Lactic 1:4  "  (about 

0.006  g.)  0.2 

10  Citric I  :  8    Very  slight  amount  Solution  s  o  m  e  - 

what   colored   by 
heating 

11  Sulfuric      (Cinchonine 

sulfate;  4  g.  in  30  cc. 

of  water)  and  acetic.  1:1:5  Slight  amount  (about 

0.005  SiO  ^-'^ 

As  is  seen,  the  results  accord  in  general  with  those  obtained  with  the 
same  acids  at  100°,  the  differences  being  those  of  degree  rather  than  of 
character.     The  conversion,  however,  is  slight,  in  no  case  reaching  2%. 

The  following  restdts  were  obtained  by  the  action  of  acetic  acid  and 
hydrochloric  acid  and  mixtures  of  these  two  acids,  in  each  case  on  2  g. 
of  cinchonine  in  10  cc.  of  water,  the  temperature  being  maintained  at 
36°  for  48  hours: 

Tabls  V. 

Ratio  of  cinchonine 
(1  mol.)  to  equiva- 
Add.  lent  of  add.  Cinebotoxinc  formed. 

1  Acetic I  :  ID  Small  amount  (about  o  .03  g.) 

2  Acetic 1:5  *  (about  o .01  g.) 

3  Acetic  and  hydrochloric 1:5:1.6.  "  (less  than  0.006  g.) 

4  Acetic  and  hydrochloric 1:2.5:5  None 

%  Hydrochloric 1:5  None 

6  Hydroclilaric i  :  zo  None 
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These  restdts  likewise  are  in  perfect  accord  with  those  obtained  at 
1 00°.  Hydrochloric  acid,  which  at  the  higher  temperature  shows  no 
change,  at  the  lower  temperature  gives  none  detectable.  Acetic  acid, 
which  at  the  higher  temperature  gave  a  large  conversion,  shows  here  the 
same  general  catalyzing  action.  Here,  as  at  the  higher  temperature, 
with  a  mixture  of  the  two  acids,  an  excess  of  hydrochloric  acid  inhibits 
the  catalyzing  action  of  the  acetic  acid,  while  in  the  presence  of  only  a 
little  hydrochloric  acid  (less  than  2  acid  equivalents  to  the  cinchonine 
molecule),  a  partial  catalysis  takes  place. 

4.  Effect  of  Dilution  on  the  Conversion  of  Cinchonine  to  Cinchotoxine. — 
The  catalyzing  influence  of  the  organic  acid  is  not  destroyed  even  on 
large  dilution  as  is  shown  in  the  following  results,  which  were  obtained 
by  maintaining  the  temperature  at  36°  for  48  hours: 

Table  VI. 

Percentage  Cincho- 

Amount  of  of  cincho-  toxine 

cinchonine.   Water,  nine  in  the  formed.       Per  cent 

Acid.  Grams.  cc.       solution.  Gram.       conversion. 

1  Acetic  (7.4  CC.,  99.9%) 10. o  20        26.3  o.i  i.o 

2  Acetic (2  cc.,  99.9%) 2.5  10         17. 1  0.02  0.8 

3  Acetic  (2  cc,  99.9%) 2.0        200  0.98        0.0075      0.37 

3.  Effect  of  Duration  of  Time  on  the  Conversion  of  Cinchonine  into  Cincho- 
toxine,— ^The  amount  of  cinchotoxine  formed  from  a  given  quantity  of 
cinchonine  at  36®  by  the  action  of  organic  acids  apparently  increases 
but  slowly  with  continuance  of  the  action.  Appreciable  conversion  is 
usually  easily  shown  within  24  hours  or  less.  Prolonged  maintenance 
of  temperature  leads  to  the  formation  of  considerable  resin  and  it  is 
probable,  as  will  be  shown  later,  that  the  cinchotoxine  is  in  part  poly- 
m^zed  into  this. 

The  following  experiments  were  carried  out  at  36°,  the  acid  used  be- 
ing acetic : 

Table  VII. 

Amount  of     Ratio  of  cincho-  Approximate 

cinchonine.     nine  (1  mol.)  to         Water.  Cinchotoxine       conversion. 

Grama.       equivalent  of  acid.  cc.  .  Time.  formed.  Percent. 

a  1:5  ID  48  hrs.  0.02  I.o 

2  1:5  10  15  days  0.085  4.2 

20  1:5  100  3.5  mo.        about  i  g.  5.0 

6,  Action  of  Organic  Substances  other  than  Acids  upon  Cinchonine, — As 
shown  by  Howard,*  cinchonine,  when  heated  with  glycerine  to  i8o°  and 
above  this  temperature,  is  converted  into  cinchotoxine.  The  influence  of 
neutral  substances  at  lower  temperatures  is  consequently  of  interest. 

Four  grams  of  cinchonine  were  heated  in  a  solution  of  absolute  alco- 
hol at  the  temperature  of  the  boiling  alcohol  for  48  hours.  The  solution, 
which  remained  perfectly  clear  and  colorless,  was  cooled  and  separated 

*  Howard,  /.  Chem.  Soc.,  25   102  (1872). 
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from  the  excess  of  cinchonine,  which  crystallized  out.  The  residue  re- 
maining on  evaporation  of  the  alcohol  was  found  to  be  free  from  cincho- 
toxine.     • 

The  effect  of  alcohol  upon  a  salt  of  cinchonine  was  determined  by  heat- 
ing 5  g.  of  cinchonine  hydrochloride  dissolved  in  a  mixture  of  equal  parts 
of  water  and  absolute  alcohol,  the  solution  being  maintained  at  the  tem- 
perature of  boiling  for  48  hours.  A  small  amount  (about  0.04  g.)  of 
cinchotoxine  was  formed,  but  the  quantity  was  less  than  that  obtained 
from  heating  cinchonine  hydrochloride  in  aqueous  solution  alone  at  about 
the  same  temperature  for  the  same  length  of  time. 

Experiments  carried  out  with  cinchonine  in  acetone,  chloroform,  and 
mixtures  of  chloroform  and  alcohol  gave  no  evidence  of  the*  formation 
of  cinchotoxine.  These  solvents,  consequently,  do  not  act  as  cata- 
lyzers under  such  conditions  to  effect  the  conversion  of  cinchonine  into 
cinchotoxine. 

7.  The  Action  of  Sunligfti  on  the  Salts  of  Cinchonine. — ^The  salts  of 
cinchonine  and  of  the  cinchona  alkaloids  in  general  are  profoundly  af- 
fected by  the  stmlight — a  matter  which  was  noted  by  Pasteur*  as  early 
as  1853  and  to  which  later  Hesse'  called  attention.  These  investigators 
suspected  that  the  changes  produced  were  similar  to  those  effected  ^t 
elevated  temperatures,  but  they  failed  to  confirm  their  suspicions. 

A  study  of  the  behavior  of  the  salts  of  cinchonine  under  the  influence 
of  sunlight  discloses  the  fact  that  the  changes  produced  are  of  the  same 
nature  as  those  already  considered.  Three  solutions  of  100  cc.  each  con- 
taining in  each  case  i  g.  of  cinchonine  dissolved  in  four  molecules  of 
hydrochloric,  acetic  and  citric  acids,  respectively,  were  exposed  to  the 
direct  action  of  the  sunlight.  Within  eight  hours  the  solutions  contain- 
ing the  cinchonine  acetate  and  citrate  were  deep  brown  in  color  from  the 
formation  of  resinous  matter,  while  the  solution  containing  the  hydro- 
chloride was  unchanged.  After  twenty  hours'  exposure,  the  brown  of 
the  first  two  had  deepened  in  intensity,  while  the  last  solution  had  only 
begtm  to  show  a  trace  of  color.  Precipitation  of  the  cinchonine,  extrac- 
tion with  ether,  etc.,  as  before,  revealed  the  presence  of  traces  of  cincho- 
toxine in  the  case  of  the  acetic  add  and  the  citric  acid,  but  none  in  the 
case  of  the  hydrochloric  acid. 

Solutions  of  the  salts  of  cinchonine  are  affected  in  the  same  way  by 
diffused  light,  although  in^this  case  the  action  is  naturally  much  slower. 
Solutions  of  the  alkaloid  with  the  above  acids  were  allowed  to  stand  in 
diffused  light  at  ordinary  temperatiures  for  about  60  days.  The  color 
changes  corresponded  with  those  obtained  by  the  more  rapid  action  of 
the  direct  sunlight. 

*  Pasteur,  Compi.  rend.,  37,  no  (1853). 
■  Hesse,  Ann.^  166,  275  (1873). 


512  H.   C.   BIDDL8. 

The  action  of  sunlight  upon  the  salts  of  cinchonine  results  in  the  fonna- 
tion  of  much  resinous  matter.  It  seems  probable  that  this  is  derived 
not  directly  from  the  alkaloid  but  from  cinchotoxine  formed  as  an  inter- 
mediate product.  Salts  of  the  latter  base  are  even  more  sensitive  to 
sunlight  than  those  of  cinchonine.  Like  those  of  cinchonine,  the  salts 
of  cinchotoxine  with  organic  adds  in  the  presence  of  excess  of  acid  are 
converted  into  resinous  matter  in  the  sunlight  much  more  rapidly  than 
those  with  such  acids  as  hydrochloric.  Thus,  a  solution  of  cinchotoxine 
in  acetic  acid  exposed  to  the  sunlight  becomes  deep  brown  in  color  before  a 
corresponding  solution  of  the  alkaloid  in  hydrochloric  acid  is  much  afiFected. 

8,  Conversion  of  Cinchonine  into  Cinchotoxine,  Apparently  not  Reversi- 
ble,— ^The  fact  that  prolonged  action  of  the  organic  adds  at  36°  but  slowly 
increases  the  amount  of  cinchotoxine  formed  naturally  leads  to  the  in- 
ference that  the  action  is  reversible,  a  condition  of  equilibrium  having 
beto  approached.  The  quantitative  conversion  at  100°,  however,  does 
not  favor  this  view.  Furthermore,  previous  attempts*  as  well  as  attempts 
made  by  myself  to  reverse  the  action  ha\e  thus  far  been  unavailing. 
It  is  possible  that  we  are  dealing  here  with  a  case  of  false  equilibrium' — 
a  matter,  however,  which  cannot  be  determined  without  a  more  exten- 
sive study  of  the  conditions  underlying  this  molecular  change. 

A  study  of  the  possible  reversal  of  cinchotoxine  to  dnchonine  is  much 
complicated  by  the  large  number  of  stereoisomeric  substances  which  may 
arise  from  cinchonine  because  of  the  existence  in  the  molecule  of  four 
dissimilar  asymmetric  carbon  atoms  (see  formula  of  Rabe).  Indeed, 
nearly  twenty  such  isomers  have  been  described  as  obtained  from  cincho- 
nine by  the  action  of  adds  or  alkalies  under  var3ang  conditions  of  tempera- 
ture.'  It  may  be  that  future  study  will  decrease  (as  more  recent  in- 
vestigation appears  to  be  doing)  the  number  of  these  isomers  by  showing 
that  some  of  them  are  identical  with  one  another.  The  number  of  iso- 
mers actually  possible  is  naturally  increased,  if  one  indudes  with  these 
cinchotoxine  and  the  possible  stereoisomers  of  this  substance. 

While  the  direct  reversal  of  cinchotoxine  to  cinchonine  appears  im- 
probable, it  is  interesting  to  note  that  Rabe*  has  recently,  by  an  indirect 
method,  succeeded  in  converting  the  former  substances  into  the  latter, 
thus  solving  one  step  in  the  partial  synthesis  of  dnchonine. 

*  KoenigB,  Ber,,  40,  2875  (1907). 

'  Buhem-Burgess,  "Thermodynamics  and  Chemistry,"  Z9031  p.  369. 

•  Hesse,  Ann.,  205,  330  (1880);  227,  153  (1885);  243,  131  (1888);  260,  213  (1890); 
266,  245  (1891);  267,  142  (1892);  276,  88  (1893).  Skraup,  Ann,,  201,  291  (1880);  Ber,, 
25,  2909  (1892);  Monaish,  12,  431  (1891);  i8,  411  (1897);  20,  571,  585  (1899);  21,  312 
(1900);  22,  171,  253,  1083,  1097  (1901).  Skraup  and  Zwerger,  MonaUk.,  21,  535  (1900); 
33>  455  (1902).  Zwerger,  Monaish,,  24,  119  (1903).  Corns tock  and  Kdnigs,  Ber,,  30, 
2510  (1887),  and  many  others. 

*Rabe,  Ber.,  44,  2088  (19x1). 
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Qoinotozine. 

9.  Preparation  and  Properties  of  Quinotoxine. — Quinotoxine,  or  quini- 
cine,  bears  to  quinine  (the  methoxyl  derivative  of  cinchonine)  the  same 
relation  that  cinchotoxine  bears  to  cinchonine.  It  was  first  obtained  by 
Pasteur*  in  1853  by  heating  quinine  with  dilute  sulfuric  acid  to  120- 
130^.  In  general,  the  conversion  of  quinine  into  its  poisonous  isomer 
has  been  effected  under  conditions  quite  parallel  with  those  under  which 
cinchonine  yields  cinchotoxine.' 

Quinotoxine  was  prepared  from  quinine  by  the  same  general  process 
used  in  obtaining  cinchotoxine  from  cinchonine,  in2.,  the  heating  of  the 
alkaloid  with  acetic  acid  for  35  hours  at  100^.  As  obtained  from  its 
ethereal  solution,  it  forms  a  yellowish  brown  oil,  which  does  not  crys- 
tallize. On  standing  in  the  air  it  is,  after  some  time,  converted  into  an 
amorphous  resinous  mass,  having  a  rough  melting  point  near  60^.  It 
is  slightly  soluble  in  water,  readily  so  in  alcohol,  ether,  and  chloroform. 
Like  cinchotoxine,  quinotoxine  contains  ketone  oxygen  and  an  imide 
group;  it  responds  like  that  compound  to  the  color  tests  with  diazoben- 
zene  sulfonic  acid  and  dinitrothiophene  in  nitrobenzene;  and  in  its  reac- 
tions in  general,  it  shows  itself  to  be  the  analog  of  cinchotoxine. 

10.  The  Conversion  of  Quinine  into  Quinotoxine  at  100°. — ^The  catalyzing 
action  of  various  adds  upon  quinine  at  100°  closely  resembles  the  corre- 
sponding action  of  these  acids  upon  cinchonine.  The  experiments  whose 
results  are  given  in  the  following  table  were  carried  out  as  in  the  former 
case  (see  page  505).  Since  quinine,  unlike  cinchonine,  is  somewhat  sol- 
uble in  dry  ether  (approximately  i  part  in  18  parts  at  18^),  the  separa- 
tion of  the  quinotoxine  from  unchanged  quinine  presents  additional  diffi- 
culties. The  results  obtaincjjd  are  consequently  open  to  a  greater  degree 
of  experimental  error,  particularly  in  cases  where  much  quinine  remained 
unchanged.  A  moment's  consideration  of  these  results,  however,  shows 
their  close  accordance  with  the  like  results  obtained  in  the  case  of  cincho- 
nme: 

Table  VIII. 
Amount  of  quinine  used,  5  g.;  temperature,  98-103°;  time  of  heating,  48  hours. 

Ratio  of  quinine  Quinotozixie 

(1  mol.)  to  equiv-  Dissociatioa  formed. 

Add.  alent  of  actd.  constant.    K.  Grama. 

Hydrochloric 1:4  None 

Formic 1:8  0.0214  4.5 

Lactic 1:4  0.0138  4.6 

Acetic 1:5  0.0018  4.5 

11.  The  Conversion  of  Quinine  into  Quinotoxine  at  j6°. — In  the  presence 

*  Pasteur,  Compt.  rend.,  37,  no,  166  (1853);  Jahrb.,  1853,  473. 
'Hesse,  Ann.,  166,  277  (1873);  243,  148  (1888).     v.  Miller  and  Rohde,  Ber.,  33, 
3Mt  (1900). 
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of  the  ordinary  organic  acids,  such  as  formic,  propionic,  butyric  and  lac- 
tic, quinine  like  cinchonine  yields  within  48  hours,  at  36°,  an  apprecia- 
ble quantity  of  its  poisonous  isomer,  quinotoxine.  In  the  presence  of 
excess  of  sulfuric  or  hydrochloric  acid  under  the  same  conditions  there 
is  no  detectable  conversion. 

In  a  few  cases  the  quinotoxine  formed  at  36°  was  freed  from  all  but 
traces  of  unchanged  quinine,  but  the  difficulty  of  separating  small  quan- 
tities of  the  substance  from  large  amounts  of  unchanged  base  rendered 
the  results  of  little  quantitative  value.  The  quinotoxine  obtained,  how- 
ever, possesses  all  the  properties  of  that  formed  at  loo**  and  the  degree 
of  conversion  is  of  like  order  to  that  occurring  in  the  case  of  cin6honine 
under  the  same  conditions. 

12.  The  Employment  of  the  Cinchona  Alkaloids  in  Medicin. — From  the 
results  of  these  investigations  it  is  very  clear  that  cinchotoxine  and  quino- 
toxine may  be  formed  in  small  quantities  in  the  system  during  the  ad- 
ministration of  the  salts  of  cinchonine  or  of  quinine.  As  shown  by  Hilde- 
brandt,^  these  isomers  have  no  febrifugal  properties  while  their  poisonous 
character  is  most  pronounced.  Although  the  amount  of  conversion 
would  apparently  be  slight,  yet  the  question  is  naturally  raised  as  to 
whether  the  administration  of  the  cinchona  alkaloids  under  these  circum- 
stances becomes  in  any  way  a  menace  to  the  health  of  the  patient.  While 
Hildebrandt  has  studied  the  action  of  cinchotoxine  and  quinotoxine 
upon  the  lower  warm-blooded  animals,  such  as  rabbits  and  cats,  unfor- 
tunately, we  have  no  data  regarding  their  action  upon  the  human  system, 
unless  the  so-called  abnormal  behavior  of  the  salts  of  cinchonine  and 
quinine  be  regarded  as  furnishing  such. 

In  medicin,  cinchonine  and  quinine  ar^  sometimes  administered  in 
the  form  of  the  free  alkaloid;  more  frequently,  however,  in  the  form 
of  their  salts.  Doses  of  varying  quantity  are  given:  from  1-2  grains 
(0.06-0.12  g.)  as  a  tonic,  to  15-30  grains  (1--2  g.)  as  an  antiperiodic. 
The  possibility  of  a  1-2%  conversion  of  the  alkaloids  into  their  poisonous 
isomers  in  the  presence  of  some  such  catalyzing  agent  as  acetic  acid, 
malic  acid,  citric  acid,  or  lactic  acid  follows  naturally  from  the  experi- 
mental evidence  adduced.  Foods  such  as  sour  milk,  acid  fruits  and  the 
like,  would,  consequently,  favor  such  conversion. 

It  seems  most  probable,  from  these  considerations,  that  the  abnormal 
behavior  of  the  salts  of  cinchdnine  or  of  quinine,  when  these  alkaloids 
are  administered  as  a  medicin,  finds  its  explanation  in  their  partial 
conversion  under  favorable  conditions,  into  their  poisonous  isomers. 

75.  Summary  of  Results. — i.  Cinchonine  and  quinine,  when  heated  at 
98-102®  in  the  form  of  their  salts  in  aqueous  solution,  either  with   or 

*  Hildebrandt,  Archiv.  Exper.  Path.  Pharm.,  59,  127  (1908). 
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without  excess  of  acid,  give  rise  to  their  poisonous  isomers,  ciDchotoxine 
and  quinotoxine. 

2.  In  a  general  way,  the  rate  of  conversion  of  these  alkaloids  in  the 
presence  of  acids  increases  with  acids  of  decreasing  dissociation  constant. 
By  changing  the  nature  of  the  acid  used  and  consequently  the  concentra- 
tion of  the  hydrogen  ion,  the  rate  of  conversion  can  be  caused  to  vary  be- 
tween the  widest  limits.  Thus,  in  the  presence  of  excess  of  such  acids 
as  hydrochloric  the  rate  of  conversion  may  be  so  reduced  as  to  give  no 
detectable  change  after  heating  at  98-102**  for  48  hours.  On  the  other 
hand,  in  the  presence  of  acids  of  small  dissociation  constant,  such  as 
acetic  and  propionic,  the  rate  of  conversion  may  be  so  accelerated  under 
the  same  conditions  as  to  lead  to  quantitative  conversion  in  24  hours. 

3.  The  rate  of  the  conversion  of  these  alkaloids  when  heated  at  98- 
102^  in  their  monadd  salts  with  various  acids  and  in  their  diacid  salts 
with  strong  acids  is  slow.  The  rate  of  this  conversion  in  the  case  of  the 
monacid  salts  is  enormously  increased  by  the  introduction  of  an  acid 
of  small  dissociation  constant  such  as  acetic  acid.  In  the  case  of  their 
diacid  salts  with  the  strong  acids,  however,  such  introduction  of  the  weak 
acid  is  of  but  slight  effect. 

4.  Neutral  substances,  such  as  alcohol  and  chloroform,  do  not,  under 
ordinary  conditions,  act  as  catalyzers  in  accelerating  the  conversion  of 
these  alkaloids  into  their  isomers. 

5.  The  salts  of  cinchonine  and  quinine  undergo  similar  conversion 
when  kept  in  solution  at  a  temperature  of  36°,  the  only  noteworthy 
difference  from  that  effected  at  98-102®  being  the  diminished  rate  of 
conversion.  Thus,  with  such  acids  as  hydrochloric  and  sulfuric,  the  con- 
version in  48  hours  is  too  slight  to  be  detected,  while  in  the  presence  of 
the  little  dissociated  organic  acids,  such  as  acetic  and  propionic,  a  conver- 
sion closely  approaching  2%  has  been  observed  within  the  same  length 
of  time. 

6.  In  the  sunlight  at  ordinary  temperatures  the  salts  of  cinchonine  and 
quinine  in  solution  undergo  changes  similar  to  those  effected  by  rise  of 
temperature.  The  cinchotoxine  and  quinotoxine,  in  this  case  as  at  more 
elevated  temperatures,  give  rise  to  resinous  matter,  which  colors  the 
solutions. 

7.  The  conditions  under  which  cinchotoxine  and  quinotoxine  are  pro- 
duced indicate  the  possibility  of  the  formation  of  these  substances  in  the 
body  in  the  administration  of  cinchonine  and  quinine  as  remedial  agents 
and  consequently  afford  a  reasonable  explanation  of  cases  of  so-called 
"quinine  poisoning." 

Bbkkblby,  Cax. 
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Since  the  appearance  of  our  recent  paper  on  this  subject,'  the  work 
has  been  continued  and  the  additional  results  are  here  recorded. 

In  the  condensation  of  aldehydes  with  a-methyl  pyridines  or  quinolines, 
the  alkines  usually  form  easily  and  in  some  cases  are  so  stable  that 
considerable  difficulty  is  experienced  in  dehydrating  them  to  stilbazoles.* 
With  the  quinazolone-aldehyde  condensations,  on  the  other  hand,  the 
alkines  either  do  not  form  at  all  under  the  conditions  of  our  experiments, 
or  are  so  unstable  that  they  immediately  lose  waiter  and  give  the  stilbazole, 
for  we  have  been  unable  to  isolate  alkines  in  any  of  the  reactions. 

Further,  while  it  has  been  shown*  that  many  stilbazoles  add  hydrogen 
or  bromine  readily,  these  reactions  do  not  seem  to  run  so  smoothly  with 
stilbazoles  derived  from  4-quinazolones.  Hydriodic  acid  and  red  phos- 
phorus evidently  caused  some  reduction  when  brought  into  contact  with 
2-styryl-4-quinazolone,  but  no  pure  dihydro  derivative  could  be  isolated 
from  the  tarry  product.  The  action  of  bromine  upon  this  same  styryl 
quinazolone  gave  rise  to  substitution  and  not  to  addition  products.  I^itnp- 
richt  and  Schwanert'  have  observed  a  similar  reaction  with  stilbene,  and 
Dubke*  with  a'-^-dimethyl-a-stilbazole. 

In  addition  to  the  compounds  described  in  our  previous  paper,  the 
preparation  of  the  following  new  aldehyde  condensation  products  is  re- 
corded here :  6-nitro-2-styryl-4-quinazolone,  2-o-nitrostyryl-4-quinazo- 
lone,  />-nitrostyryl-4-quinazolone,  6-nitro-2-^-nitrostyryl-4-quinazolone, 
2-styryl-3-ethyl-4-quinazolone,  2-styryl-3-phenyl-4-quinazolone,  2-st)rryl- 
3-/>-tolyl-4-quinazolone,  2-styryl-3-benzyl-4-quinazolone,  2-styryl-3-^- 
anisyl  4-quinazolone,  2-styryl-3-/>-phenetyl-4-quinazolone,  2-styTyl-3-a- 
naphthyl-4-quinazolone,  2-styryl-3-j9-naphthyl-4-quinazolone,  2-styryI-3- 
anilino-4-quinazolone,  2-o-hydroxyst3nyl-3-phenyl-4-quinazolone,  2-meth- 
ylenedioxystyTyl-4-quinazolone,  and  2-phenylbutadienyl-4-quinazoIone.. 

^  Read  at  the  Washington  Meeting  of  the  Society,  Bee.  29,  191 1. 

■  Bogert,  Beal  and  Amend,  This  Journal,  32,  1654  (1910)- 

'  For  a  tabulation  of  the  condensations  carried  out  by  Ladenburg  and  his  co- 
workers, see  Dierig,  Inaug.  Diss.,  Breslau,  1902. 

*  Baurath,  Ber.,  20,  2719  (1887);  3i,  818  (1888).  Ladenburg  and  Kroner,  Ibid., 
36,   119  (1903).    Tietz,  Inaug.  Diss.,  Breslau,  1909,  and  others. 

■  Ann.,  145,  336. 

^  Ber.,  2%  82  (1894). 
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• 

The  condensation  was  generally  carried  out  by  heating  an  equimolecu- 
lar  mixture  of  the  aldehyde  and  quinazolone.  If  the  reaction  was  prac- 
tically complete,  the  melt  was  purified  by  crystallization  from  alcohol, 
or  some  other  suitable  solvent,  decolorizing  with  bone-black  if  necessary, 
while  if  the  condensation  was  but  a  partial  one,  water  was  added,  the 
excess  of  aldehyde  driven  out  with  steam,  and  the  residue  purified  by 
crystallization. 

Most  of  the  styryl  quinazolones  are  pale  yellow  or  nearly  colorless,  and 
crystallize  in  fluflFy  masses  of  short  silky  needles.  Frequently  they  ex- 
hibit tribo-dectric  properties.  Usually  they  are  soluble  in  alcohol, 
chloroform  or  glacial  acetic  acid;  less  readily  in  ether,  carbon  disulfide 
or  benzene;  and  practically  insoluble  in  water.  Those  with  a  free  hydro- 
gen in  position-  3  dissolve  easily  in  aqueous  solutions  of  the  caustic  alka- 
lies and  are  reprecipitated  by  carbon  dioxide  or  acetic  acid. 

Attention  was  called  in  the  previous  paper  to  the  fact  that  2-methyl- 
3-amino-4-quinazolone  when  treated  with  aldehydes  condenses  first  with 
the  amino  group,  and  that  the  methyl  group  also  reacts  only  when  the 
attacking  aldehyde  is  benzaldehyde.  At  the  time,  we  suggested  that 
the  hydrazone  group  formed  in  position  3  prevented  the  reaction  of  the 
2-methyl  group  by  steric  interference.  We  have  since  learned  that  an 
anilino  group  in  position  3  exerts  a  similar  influence,  the  2-methyl  group 
again  condensing  only  with  benzaldehyde. 

Moore*  has  found  that  Schiff  bases  containing  the  chromophore  group 
— N  :  CH — ,  together  with  certain  auxochrome  groups  (for  example,  the 
—NCCHg),  group),  often  form  colored  salts  with  acids.  The  hydrochlorides 
of  several  of  our  new  Schiflf  bases  were  prepared  by  suspending  the  bases 
in  dry  ether  and  passing  in  dry  hydrochloric  acid  gas,  but  the  colors  of 
the  salts  thus  formed  were  invariably  no  darker  than  those  of  the  bases 
from  which  they  were  obtained. 

Fural,  citral,  acetophenone,  and  pyruvic  acid  failed  to  condense  with 
these  2-methyl  or  2-methyl-3-amino-4-quinazolones.  Experiments  with 
glyoxal  also  gave  negative  results.  With  benzil  and  2-methyl-3-amino- 
4-quinazolone,  some  condensation  occurred  but  the  yield  was  too  small 
to  fully  identify  the  product.  Wislicenus'  succeeded  in  condensing 
quinaldine  with  oxalic  esters,  in  presence  of  sodiuili  alcoholates,  but  a 
similar  reaction  does  not  occur  when  2-methyl-4-quinazolone  is  sub- 
stituted for  the  quinaldine. 

By  direct  nitration  of  2-styryl-4-quinazolone,  both  a  mono  and  a 
dinitro  derivative  result.  The  former  was  proven  to  be  the  6-nitro  com- 
pound by  its  synthesis  from  6-nitro-2-methyl-4-quinazolone  and  ben- 
zaldehyde; and  the  structure  of  the  dinitro  derivative  was  similarly  es- 

*  This  Journal,  30,  394,  looi  (1908);  32,  382  (1910), 
VBer.,  30,  1479(1897). 
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tablished  by  its  synthesis  from  6-nitro-2-methyl-4-quinazolone  and  ^-ni- 
trobenzaldehyde. 

The  amino, group  in  2-amino-4-quinazolone  is  decidedly  inert.  Al- 
though it  can  be  acylated,  it  cannot  be  diazotized  by  ordinary  methods, 
nor  does  it  condense  with  aldehydes. 

In  the  progress  of  the  work,  the  following  new  quinazolones  were  pre- 
pared and  studied:  2-methyl-3-/>-cyanphenyl-4-quinazolone,  2-methyl- 
3-/>-carboxyphenyl-4-quinazolone  and  its  ethyl  ester,  2-methyl-3-/>- 
anisyl-4-quinazolone,  2-methyl-3-/>-phenetyl-4-quinazolone,  its  sulfonic 
add  and  the  sodium  salt  of  the  latter,  and  2-methyl-3-benzyl-4-quinazo- 
lone.  Certain  of  these  were  prepared  for  the  purpose  of  studying  their 
physiological  action  upon  animals.  Thus,  the  /)-phenetyl  derivative, 
it  was  thought,  might  show  antipyretic  properties,  but  it  proved  to  be  too 
difficultly  soluble.  Sulfonation  remedied  the  insolubility,  but  the  sul- 
fonated compound  possessed  no  detectable  therapeutic  value.  Similarly, 
the  condensation  product  of  />-aminobenzoic  ester  and  acetanthranil  was 
examined  with  reference  to  its  power  as  a  local  anesthetic  and  found  to 
be  essentially  inert.  The  details  of  these  and  other  experiments  on  the 
physiological  action  of  substances  of  this  group  will  probably  appear 
later  in  a  separate  paper. 

Experimental. 

/.  Preparation  of  Quinazolones. 

2'Methyl'3'fh'Cyanphenyl'4'quinazolone, 

I 
\J\    /N-C,H,.CN(/.) 

II 

o 

— />-Aminobeazonitrile  and  acetanthranil,  in  equimolecular  proportion, 
were  intimately  mixed  and  the  mixture  heated  for  an  hour  at  150°.  By 
crystallization  of  the  reddish  brown  melt  from  alcohol,  prisms  were  ob- 
tained of  a  faint  pinkish  cast,  melting  at  240®  (cor.). 

Calculated  for  C,^„ON,:  N,   16.09.     Found:  N,    16.37. 

1 1 

2' Methyl- j-p'carboxyphenyl'4'quinazolone,  HOOC.CeH^.N.CO.QjHi.N:  C- 

CH3,    was   prepared   from   the  above  nitrile  by  boiling  it  with  a  10% 

aqueous    solution    of    potassium    hydroxide    until    the    evolution    of 

ammonia  ceased,  cooling,  and  precipitating  carefully  with  hydrochloric 

acid.      The  precipitated  acid,   washed  with  water,   and  recrystallized 

from  dilute  alcohol,  forms  short,  yellowish  needles,  melting  at  about 

259°  (uncor.). 

Calculated  tor  CiqHiJO^^^:  N,  10.00.     Found:  N,  10.41. 

In  recrystallizing  this  acid,  prolonged  boiling  should  be  avoided,  as 
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it  tends  to  split  out  carbon  dioxide  from  the  acid  and  give  the  methyl 
phenyl  quinazolone  (m.  p.  145^). 

It  may  be  recalled,  in  this  connection,  that  Bogert  and  Klaber'  found 
that  anthranilic  acid  failed  to  condense  with  4-nitroacetanthranil,  al- 
though its  methyl  ester  did. 

Ethyl  Ester. — ^The  ester  of  the  above  acid  was  prepared  from  ethyl 
/>-aininobenzoate  and  acetanthranil,  by  heating  them  together,  in  equi- 
molecular  proportion,  for  an  hour  at  150**,  and  crystallizing  the  brown 
melt  from  alcohol.  Golden  yellow  prisms  resulted  which,  on  recrystal- 
lization,  became  practically  colorless,  and  melted  at  172-3°  (cor.). 

Calculated  for  Ci,H,0O|N,:  N,  9.09.     Found:  N»  9.45. 

1 1 

2'Mdhyl'3'p'anisyl'4'quinazolone,        CHaO.CeH^.N.CO.QH^.N  :  C.CH,, 

prepared  in  a  similar  manner,  hy  heating  together  />-anisidine  and  acet- 

anthranil  for  an  hour  at  150®,  and  purifying  the  product  by  crystallization 

from  alcohol,  forms  colorless  hexagonal  prisms,  melting  at  170°  (cor.). 

Calculated  for  Ci^Hi^OtN,:  N,  10.53.     Found:  N,  10.59. 

2^Methyl'3''p-phenetyl'4'quinazolone,  obtained  in  the  same  way,  crystal- 
lizes from  alcohol  in  needles  of  a  faintly  pinkish  cast,  melting  at  148° 
(cor.),  which  darken  gradually  on  standing  in  the  air,  and  are  freely  soluble 
in  alcohol  or  ether,  but  practically  insoluble  in  water. 

Calculated  for  CitHibOsN,:  N,  10.00.     Found:  N,  lo.ii. 

Monosulfo  Acid. — ^The  compound  just  described  was  sulfonated  by 
stirring  five  grams  of  it  into  a  mixture  of  15  cc.  concentrated  and  30  cc. 
fuming  sulfuric  acid,  and  heating  the  mixture  at  100°  for  two  hours. 
The  cooled  solution  was  poured  into  500  cc.  ice  water  and  the  whole  con- 
centrated to  half  its  original  volume.  On  cooling,  small  grayish  prisms 
separated,  not  melting  at  300*^. 

Calculated  for  CijHjaO^NjS:  N,  7.77.     Found:  N,  7.70. 

The  sodium  salt  forms  a  gray  powder,  easily  soluble  in  water,  and  having 
but  little  taste.     It  is  unmelted  at  300°. 

1 1 

2'Meihyl'S'benzyl'4-qmnazolone,  CeHBCHj.N.CO.CeH^.N  :  CCHs-  — 

Hquimolectdar  amounts  of  benzylamine  and  acetanthranil  were  mixed 

and  the  mixture  heated  half  an  hour  at  150**.    The  melt  was  digested 

with  cold  water,  to  remove  unchanged  benzylamine,  and  with  sodium 

carbonate  solution,  to  eliminate  any  acetanthranilic  acid.     The  residual 

quinazolone  was  purified  by  repeated  crystallization  from  alcohol,  and 

vras  thus  obtained  in  colorless  flakes,  melting  at  123°  (cor.). 

Calculated  for  CioHifON,:  N,  11.20.     Found:  N,  11. 11. 

*  This  Journal,  30,  814  (1908). 
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//.  Condensations  of  Aldehydes  with  2'Meihyl'4-qmnazolones  caniaifUng 
no  Primary  Amino  Groups.    Simple  Styryl  Ouinazolones. 

2'Styryl-4'quinazolone,  C^HjCH  :  CH.C  :  N.CeH^.CO.NH,  has  been  de- 
scribed in  our  previous  article.  Its  hydrochloride  was  prepared  by  adding 
concentrated  hydrochloric  add  to  a  saturated  alcoholic  solution  of  the 
quinazolone.  Pale  yellow  needles  separated  which,  when  washed  with 
alcohol  and  dried  in  a  vacuum  over  concentrated  sulfuric  acid  and  solid 
potassium  hydroxide,  melted  with  decomposition  at  about  310®. 

Calculated  for  C,cHj,ON,.HCl :  N,  9.84.     Found:  N,  9.99. 

6'NitrO'2'StyryU4'qmna2olone,  CeH^.CH  :  CH.C  :  N.CeH,(NO,).CO.NH, 
was  prepared  by  direct  nitration  of  the  above  quinazolone  (5  g.)  with 
fuming  (sp.  gr.  1.52)  nitric  acid  (50  cc).  The  solution  obtained  was 
concentrated  to  half  its  original  volume  and  then  stirred  into  300  cc.  of 
ice  water.  The  precipitated  nitro  compound  was  washed  with  water, 
then  with  alcohol,  crystallized  twice  from  glacial  acetic  acid,  the  crystals 
washed  with  alcohol  and  dried  at  no®.  Short,  yellowish  needles,  melting 
at  323-5®  (uncor). 

Calculated  for  C,aHx,0,N,:  N,  14.33.    Found:  N,  14.71. 

That  the  nitro  group  in  the  above  compound  is  in  position  6  was  proven 
by  condensing  benzaldehyde  with  6-nitro-2-methyl-4-quinazolone,  when 
the  same  substance  was  obtained. 

Calculated  for  C,eH,iO,Nj:  N,  14.33.     Found:  N,  14.18. 

This  would  appear  to  indicate  that  tlie  benzene  portion  of  the  quinazo- 
line  nucleus  nitrates  more  rapidly  than  the  styryl  group. 


2'0'Nitrostyryl'4-quinazolone,  0,N.C,H^.CH  :  CH.C  :  N.QH^.CO.NH. — 
Three  grams  each  of  o-nitrobenzaldehyde  and  2-methyl-4-quinazolone 
were  mixed  and  the  mixture  heated  for  two  hours  at  180®.  The  pul- 
verized melt  was  extracted  with  boiling  alcohol,  to  remove  unchanged 
initial  materials,  and  the  residue  crystallized  from  glacial  acetic  acid. 
Minute,  yellowish  needles  resulted,  melting  at  300®  (uncor.). 

Calculated  for  C,eH,iO,N,:  N,  14.33.    Found:  N,  14.24. 

2'p'NHrostyryl'4'quinazoldne  was  prepared  in  the  same  way.  It  forms 
bright  yellow,  microscopic  needles,  melting  at  350®  (uncor.). 

Calculated  for  C,eHiiO,N,:  N,  14.33.     Found:  N,  14.30. 

6'  Nitro-2'p-nitrostyryl'4'qwinazolone^ 

OaN.CeH^.CH  :  CH.C  :  N.Ce,H,(NO,).CO.NH.— Five  grams  of  2.styryl. 
4-quinazolone  were  nitrated  with  a  mixture  of  60  cc.  fuming  nitric  and 
30  cc.  concentrated  sulfuric  acid.  The  solution  was  concentrated  to  half 
its  original  volume  and  poured  into  250  cc.  ice  water,  the  dinitro  com* 
pound  separating  as  a  cardy,  orange  precipitate.    This  precipitate  was 
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filtered  out,  washed  with  water,  and  boiled  with  dilute  potassium  hy- 
droxide solution,  to  remove  unchanged  initial  materials.  It  was  then 
again  washed  with  water,  and  extracted  twice  with  hot,  glacial  acetic 
acid,  in  which  it  is  very  difficultly  soluble.  The  residue  was  washed  with 
alcohol,  dried  at  i  lo^  and  analyzed: 

Calculated  for  Ci«Hm0^4:  N,  16.56.     Pound:  N,  16.60. 

It  is  an  orange-yellow  solid,  melting  at  335°  (uncor.).  The  same 
compound  was  obtained  by  heating  together  6-nitro-2-methyl-4-quin- 
azolone  and  ^-nitrobenzaldehyde  for  four  hours  at  200^. 

Calculated  for  C,eH|oOAN«:  N,  16.56.     Found:  N,  16.56. 
MonobromO'2'Siyryl'4-quinazolone. — On  mixing  glacial  acetic  add  so- 
lutions  of   bromine   and    2-styryl-4-quinazolone,    a   yellow   precipitate 
gradually  separated.    This  was  filtered  out  and  crystallized  from  alcohol, 
giving  yellow  needles,  which  slowly  decompose  in  the  vicinity  of  345^. 

Calculated  for  C,eH„ON,Br:  N,  8.56.     Found:  N,  8.75. 

.  The  filtrate  from  the  above  bromine  derivative  was  found  to  contain 
hydrobromic  acid,  a  further  proof  that  substitution  and  not  addition 
had  occurred.  The  same  monobrom  derivative  was  obtained  by  using 
chloroform  as  the  solvent  and  allowing  the  mixture  to  stand  eight  hours. 
Dibrofno'2'Styryl'4''qiUna2olone  was  obtained  when  hot,  glacial  acetic 
add  solutions  of  the  quinazolone  and  bromine  were  mixed,  or  when  a 
chloroform  solution  of  the  two  was  allowed  to  stand  for  24  hours.  The 
predpitate  obtained  separates  from  hot  alcohol  as  a  colorless,  amorphous 
solid,  which  turns  brown  at  about  200^,  but  remains  unmdted  at  300^ 
(uncor.). 

Calculated  for  C,«H,cON^r,:  N,  6.89.     Found:  N,  6.63. 

The  filtrate  from  the  dibrom  compound  contains  hydrobromic  add. 


I 
2'StyryU3-methyl'4-qwnazolone,      CeH^.CH  :  CH.C  :  N.C^H^.CO.N.CH,. 

— The  preparation  of  this  compound  from  2,3-dimethyl-4-quinazolone 

and  benzaldehyde  is  described  in  our  previous  paper. 

We  have  since  prepared  it  also  from  2-styryl-4-quinazoloue,  by  dis- 
solving the  lattet  in  methyl  alcohol,  adding  the  calculated  amounts  of 
potassium  hydroxide  and  then  of  methyl  iodide,  and  heating  with  a 
reflux  until  the  mixture  showed  a  neutral  reaction. 

2-Siyfyl'3'€ihyU4rqmnazol(me,  from  2-methyl-3-ethyl-4-quinazolone 
and  benzaldehyde,  heated  in  equimolecular  proportion  for  an  hour  at 
150^,  and  the  crude  product  purified  by  crystallization  from  alcohol, 
forms  dusters  of  pale  yellow  needles,  mdting  at  125**  (cor.). 

Calculated  for  CjsHjgON,:  N,  10.14.     Found:  N,  10.43. 

2'Styryl'j'Phenyl-4-quinazolone,  from  2-methyl-3-pbenyl-4-quinazolone 
and  benzaldehyde  at  180®,  crystallizes  from  alcohol  in  short,  lemon-yellow 
needles,  mdting  at  201®  (cor.). 
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Calculated  for  CaaHjeON,:  N,  8.64.     Found:  N,  8.95. 
2-Styryl'3'p'tolyl'4'quinazolone,   from    2-methyl-3-/>-tolyl-4-quinazolone 
and  benzaldehyde  at  180®,  crystallizes  from  alcohol  in  fine,  pale  yellow 
needles,  melting  at  197®  (cor.). 

Calculated  for  Ca,H,gON,:  N,  8.28.  Found:  N,  8.30. 
2'Styryl-3'benzyl-4-qmnazolone,  from  2-methyl-3-benzyl-4-quinazolone 
and  benzaldehyde  at  190®,  crystallizes  from  alcohol  in  fine,  pale  yellow 
needles,  melting  at  142°  (cor.),  which  mat  together  closely  on  the  filter. 
Its  formation  has  been  used  by  us  as  a  means  of  isolating  and  identif3ring 
the  methyl  benzyl  quinazolone. 

Calculated  for  C„H„ON,:  N,  8.28.     Found:  N,  8.37. 
2-Styryl'3'p'anisyl-4'qmnazolone,    from  •  2-methyl-3-/>-anisyl-4-quinazo- 
lone  and  benzaldehyde  at  180°,  crystallizes  from  alcohol  in  small,  pale 
yellow  needles,  melting  at  223®  (cor.),  which  mat  together  closely. 

Calculated  for  C^HijOjNa:  N,  7.91.     Found:  N,  7.99. 
2'Siyryl'3'p'phenetyl-4'quina2olon€,  from  2-methyl-3-/>-phenetyl-4-quin- 
azolone  and  benzaldehyde  at  160^,  crystallizes  from  alcohol  in  minute, 
pale  yellow  crystals,  melting  at  204°  (cor.). 

Calculated  for  Cj^HaoOjN,:  N,  7.60.     Found:  N,  7.78. 
2'Styryl'3'a-naphthyl'4-quinazolon€f      from      2-metbyl-3-a-naphthyl-4- 
quinazolone  and  benzaldehyde  at  160®,  crystallizes  from  alcohol  in  short, 
yellowish  needles,  melting  at  187*^  (uncor.). 

Calculated  for  Cj^,gON,:  N.  7.48.     Found:  N,  7.65. 
2'Styryl'3'P'naphthyl'4'quina2olone,        from        2-methyl-3-/?-naphthyl- 
4-quinazolone  and  benzaldehyde  at   160^,  crystallizes  from  alcohol  in 
short,  yellowish  needles,  melting  at  240°  (uncor.). 

Calculated  for  C»H„ON,:  N,  7.48.     Found:  N,  7.66. 
2'Styryl'3'anilinO'4'quinazolone,  from  2-methyl-3-anilino-4-quinazolone 
and  benzaldehyde  at  180°,  crystallizes  from  alcohol  in  dense,  granular, 
cream  colored  crystals,  melting  at  217**  (uncor.). 

Calculated  for  CbH„ON,:  N,  12.38.     Found:  N,  12.62. 

Attempts  to  condense  2-methyl-3-anilino-4-quinazolone  with  salicyl- 

aldehyde  failed.* 

2-0'Hydroxystyryl'3'phenyl'4'quinazolon€, 

r 1 

HO.CeH^.CH  :  CH.C  :  N.CeH^.CO.N.C^Hj,        from       2-methyl-3-phenyl- 

4-quinazolone  and  salicylaldehyde  at  190^,  crystallizes  from  alcohol  in 

short,  lemon-yellow  prisms,  melting  at  270°  (uncor.). 

Calculated  for  C^fi^fi^t'  N,  8.23.     Found:  N,  8.38. 
2-Methylen€dioxystyryl'4'quina2olone, 

CH,<^  NCeHj.CH  :  CH.C  :  N.C^H^.CO.NH,     from    2-methyl-4-quinazo- 
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loDe  and  piperooal  at  180^,  crystallizes  from  alcohol  (in  which  it  is 
difficultly  soluble)  in  minute  needles  of  faint  yellowish  cast,  melting  at 
305®  (uncor.),  which  mat  together,  and  show  tribo-electric  properties. 

Calculated  for  C,7H,,0N,:  N.  9.59.     Found:  N,  9.76. 

2'Phenylbuiadiinyl'4'quinazolonef 

I 1 

CeHj.CH  :  CH.CH  :  CH.C  :  N.CeH^CO.NH,  was  prepared  from  cinnamic 

aldehyde  and  2-methyl-4-quinazolone  at  190®.  The  aldehyde  was  freshly 
distilled  in  vacuum  before  use,  and  that  uncombined  in  the  reaction  was 
blown  out  with  steam.  The  residual  non-volatile  yellow  solid  was  dis- 
solved in  alcohol,  the  solution  decolorized  with  bone-black,  and  from  the 
filtrate,  on  cooling,  the  desired  compound  separated  in  long,  yellow  needles, 
which  were  purified  by  further  crystallization  from  alcohol,  and  then 
melted  at  257-8°  (ancor.). 

Calculated  for  CigHi^ON,:  N,  10.21.     Found:  N,  10.21. 
///.  Condensations    of    Aldehydes    with    Amino    2'Meihyl'4rqmnazolones. 

In  addition  to  the  compounds  described  in  our  former  article,  the 
subjoined  have  been  prepared  and  studied. 

2-Styryl'3'aceiaminO'4-quinazolone  was  obtained  both  by  the  action 
of  acetic  anhydride  upon  the  corresponding  styryl  amino  quinazolone, 
and  by  the  condensatiop  of  the  methyl  acetamino  quinazolone  with 
benzaldehyde.  It  crystallizes  from  alcohol  in  needles  of  a  faint  pinkish 
tinge,  melting  at  259°  (uncor.). 

Calculated  for  CisHjftO^,:  N,  13.77.     Found:  N,  13.99. 

As  mentioned  in  the  introductory  portion  of  this  paper,  our  attempts 
to  condense  the  2-methyl-3-amino-4-quinazolone  with  citral,  fural,  or 
g^lyoxal,  proved  futile. 

2'Methyl'3'aminO'4'qtidnazolone    and    Benzil. — ^An    alcoholic    solution 

of  these  two  substances,  on  long  boiling,  deposited  a  very  small  amount 

of  a  difficultly  soluble,  yellow,  granular  solid,  melting  with  decomposition 

at  about  292°.     Efforts  to  secure  the  condensation  in  other  ways  proved 

fruitless.     The  two  substances  were  heated  together  dry  and  in  various 

solvents,  at  ordinary  pressure  and  in  sealed  tubes,  alone  and  in  presence 

of  sodium  alcoholates,  traces  of  alkali,  of  acid,  and  of  pyridine,  but  the 

experiments  were  unsuccessftd.     Only  enough  material  was  secured  for 

a  single  analysis: 

0.069  gram  gave  7.8  cc.  moist  N  at  24°  and  766  mm. 

/N:C— CH:C.CeH, 
Calculated  for  C«H^<^         I  |  :  N,  12.03.     Found:  N,  12.78. 

\:0.N N:C.C6H, 

More  of  the  material  and  closer  analytical  results  are  needed  before 

it  can  be  said  whether  we  really  secured  the  product  sought  or  not. 

2'AminO'4'quina2olone  and  Benzaldehyde. — One  gram  of  the  quinazolone 
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was  heated  with  a  slight  excess  of  benzaldehyde  for  an  hour  at  iSo**,  but 
no  condensation  ocourred. 

The  reaction  is  of  interest,  since  we  have  shown  that  amino  groups  in 
positions  3  or  7  condense  easily  with  benzaldehyde. 

2'Meihyl'4'quinazolone  and  Ethyl  Oxalate, — Five  grams  of  the  dry 
quinazolone,  a  similar  amoimt  of  ethyl  oxalate,  and  2  grams  finely  pul- 
verized sodium  ethylate,  together  with  100  cc.  anhydrous  ether,  were 
placed  in  a  well-stoppered  flask  and  left  at  the  laboratory  temperature 
for  three  weeks,  with  occasional  shaking.  No  condensation  occurred, 
the  quinazolone  being  recovered  unchanged. 

Oroanxc  Labokatoky.  Columbia  Univbrstty. 
Nbw  York  Ctty. 
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The  4-quinazolones  (4-hydroxyquinazolines)  are  not  easily  bromlnated 
by  the  action  of  bromine  in  aqueous  potassium  bromide  solution,  in 
glacial  acetic  acid  or  in  acetic  anhydride  solution.  By  employing  the 
Juvalta'  process,  however,  the  halogen  may  be  introduced.  In  this 
way,  monobromo  derivatives  have  been  obtained  of  4-quinazolone  and 
of  2-metbyl-4-quinazolone. 

Nor  are  the  quinazolones  readily  nitrated.  Griess,*  in  1869,  showed 
that  benzoylene  urea  could  be  nitrated,  but  did  not  prove  the  position 
of  the  nitro  group.  In  1890,  Dehoff*  nitrated  2-methyl  and  2,3-dimethyl- 
4-quinazolone,  and  his  products  were  subsequently  shown  to  be  the  6-nitro 
derivatives  by  the  investigations  of  Thieme*  and  of  Bogert  and  Cook.* 

According  to  our  experience,  the  satisfactory  nitration  of  4-quinazo- 
lones  requires  a  high  temperature  and  the  use  of  a  mixture  of  fuming 
nitric  and  concentrated  sulfuric  acids,  and  but  one  nitro  group  can  thus 
be  introduced  on  the  4-quinazolone  nucleus.  Position  6  seems  to  be 
the  point  where  the  nitro  group  enters  most  readily.    Of  course,  aryl 

*  Read  at  the  Washington  Meeting  of  the  Society,  Dec.  29,  191 1. 

*  D.  R.  P.  50,177,  Friedldnder,  2,  93. 
■  Ber.,  2,  416  (1869). 

*  /.  prakt.  Chetn.,  [2]  42,  347  (1890). 

*  Thieme,  Ibid.,  43,  473  (1891). 

*  This  Journal,  28,  1449  (1906). 
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radicals  attached  to  the  quinazoline  nucleus,  at  positions  2  or  3,  for  ex- 
ample, may  also  be  nitrated  in  the  reaction. 

Nitration  of  the  following  gives  mononitro  derivatives:  4-quinazolone, 
3-methyl-4-quina?olone,  3-ethyl-4-quinazolone  and  2-methyl-3-ethyl- 
4-quinazolone.  With  2-methyl-3-phenyl-4-quinazolone,  a  dinitro  de- 
rivative results  which  is  not  identical  with  the  dinitro  compotmd  obtained 
by  nitrating  2-methyl-3-/>-nitrophenyl-4-quinazolone.  A  dinitro  de- 
rivative is  also  obtained  from  2-methyl-3-^-tolyl-4-quinazolone. 

The  action  of  nitric  add  upon  2-methyl-4-qUinazolone,  in  presence 
of  metallic  mercury,  gives  only  the  mercury  salt  of  the  quinazolone, 
whereas  with  benzene  dinitrophenol  results,  and  with  quinoline  both 
an  hydroxyl  and  nitro  group  are  simultaneously  introduced  on  the  ben- 
zene portion  of  the  molecule.^ 

Griess'  showed  that  nitro  benzoylene  urea  could  be  reduced  to  the 
amino  compound.  Bogert  and  Chambers'  have  prepared  5-amino-4-quin- 
azolone,  and  Bogert  and  Klaber^  7-amino-4-quinazolone,  by  reduction 
of  the  corresponding  nitro  compotmds.  Zacharias*  reduced  8-nitro- 
2-methyl-4-quinazolone,  but  failed  to  get  a  pure  product.  Dehoff^  also 
failed  in  his  attempt  to  reduce  the  6-nitro-2-methyl-4-quinazolone. 

Although  the  yields  were  generally  poor,  we  have  experienced  no  par- 
ticular diflBculty  in  reducing  the  6-nitro-4-quinazolones  to  the  correspond- 
ing amines,  including  the  6-nitro-2-methyl-4-quinazolone. 

The  new  amino  derivatives  so  prepared  are  as  follows:  amino  and 
acetamino  4-quinazolone,  amino  and  acetamino  3-methyl-4-quinazolone, 
6-amino-2 ,3-dimethyl-4-quinazolone  and  6-amino-2-methyl-3-ethyl-4- 
quinazolone. 

In  the  prosecution  of  the  research,  the  following  new  4-quinazolones 
were  also  prepared:  3-ethyl,  3-benzyl-2-methyl-3-/>-nitrophenyl,  2-methyl- 
yp'tolyl,  2-methyl-3- a-naphthyl  and  2-methyl-3-^-naphthyl. 

Incidentally,  it  was  found  that  the  melting  point  of  71°  assigned  by 
Elnape*  to  3-methyl-4-quinazolone  is  really  that  of  the  hydrated  form, 
the  anhydrous  compound  melting  at  105^  (cor.). 

EzperimentaL 
/.  Simple  4'Quinazolones. 

3-Methyl'4-quinazolane,  HC  :  N.C^H^.CO.N.CH,,  was  prepared  first  by 
Xnape,'  by  direct  methylation  of  4-quinazolone  with  potassium  hydroxide 
and  methyl  iodide  in  methyl  alcohol  solution.    The  author  states  that 

^  Wolffenstein  and  Boeters,  D.  R.  P.  214,045. 

'  Loc.  cU. 

■  This  Journal,  38,  207  (1906). 

•  Ibid.,  30,  807  (1908). 

•  7.  prakt,  Chem.,  [2]  43,  443  (1891). 

•  Ibid.,  [2]  43,  216  (1891). 
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the  crude  product,  washed  with  methyl  alcohol  and  recrystailized  from 
chloroform  or  ligroin,  gave  long  needles  of  satiny  luster,  melting  at  71®. 

On  repeating  this  process,  and  crystallizing  the  crude  product  from 
chloroform,  we  obtained  colorless  crystals,  melting  at  105®  (cor.).  This 
proved  to  be  the  pure  anhydrous  compound.  When  this  quinazolone 
is  crystallized  from  water,  it  carries  a  molecule  of  water  of  cr3rstaIlization, 
and  then  melts  at  71  ®,  the  point  given  by  Knape. 

The  most  convenient  method  of  preparing  the  substance  is  to  dissolve 
the  4-quinazolone  in  methyl  alcohol  containing  the  calculated  amount 
of  potassium  hydroxide,  add  the  required  amount  of  methyl  iodide,  and 
let  the  mixture  stand  at  laboratory  temperature.  In  one  and  a  half 
to  two  horn's  the  solution  changes  to  a  mass  of  colorless  crystals,  which 
are  filtered  out  and  dissolved  in  the  minimum  amount  of  cold  water. 
In  about  15  minutes,  the  crystals  separate  again,  and  are  then  recrystai- 
lized from  hot  water,  giving  colorless  needles,  melting  at  70-1®  (cor.). 

These  were  dried  in  vacuum  over  concentrated  sulfuric  acid  for  four 
days,  then  heated  at  80°  for  an  hour,  and  again  dried  in  vacuum  for  an 
hoiu-: 

Calculated  for  C^jONj-H^G:  H^O,  10. i.     Found:  H,0,  lo.o. 

The  dehydrated  substance  then  melted  at  105*^  (cor.).  It  was  analyzed 
with  the  following  result: 

Calculated  for  CgHgONj!  N,  17.50.     Found:  N,  17.32. 

2,3-Dimethyl-4-quinazolone*  also  crystallizes  from  water  with  a  mole- 
cule of  water  of  crystallization,  and  it  is  interesting  that  the  melting 
points  of  its  hydrated  and  anhydrous  forms  are  almost  identical  with 
those  of  the  above  3-methyl  compound : 

3-Methyl,  m.  p.  of  hydrated  form  70-1®;  anhydrous  m.  p.  105®. 

2,3-Dimethyl,  m.  p.  of  hydrated  form  70°;  anhydrous  m.  p.  107-9**. 

A  mixture  of  the  anhydrous  forms  of  the  two  substances  melts  at  78-9 **. 

3-Ethyl-4'quinazolon€. — 20  grams  4-quinazolone  were  placed  in  a  flask, 
sufficient  ethyl  alcohol  added  to  make  a  thick  paste,  and  then  7.6  g.  solid 
potassium  hydroxide.  The  flask  was  shaken  until  all  the  quinazolone 
had  dissolved,  21  g.  ethyl  iodide  poured  in,  and  the  mixture  boiled  under 
a  return  condenser  until  it  showed  a  neutral  reaction  (about  three-quar- 
ters of  an  hour).  The  alcohol  was  then  distilled  off,  leaving  a  mass  of 
potassium  iodide  crystals  and  a  viscous  liquid.  This  residue  dissolved 
completely  in  100  cc.  cold  water.  As  a  previous  experiment  had  shown  tha't 
nothing  could  be  separated  from  this  aqueous  solution  by  distillation 
with  steam,  it  was  extracted  repeatedly  with  ether,  adding  some  salt  to 
the  aqueous  solution  after  the  first  extraction.  The  ether  extracts  were 
combined,  dried  with  potassium  carbonate  (calcium  chloride  gives  a 
yellower  product),  and  the  ether  driven  off,  leaving  the  quinazolone  as 

»  Weddige,  /.  praki.  Chem,,  [2]  36,  147  (1887). 


RESEARCHES  ON  QUINAZOLINBS.   XXX.  527 

a  crystallin  mass.  By  careful  recrystallization  from  ether,  if  was  ob- 
tained in  colorless  needles,  melting  at  102^  (cor.).  Yield,  54%  (13  g.). 
It  may  also  be  purified  by  distillation  under  reduced  pressure  (b.  p.  at 
15  mm.,  182^),  when  it  comes  over  as  a  colorless  oil,  solidifying  on  cooling. 
The  piu'e  compound  dissolves  also  in  water,  alcohol,  acetone  or  benzene, 
but  does  not  crystallize  well  from  any  of  these  solvents. 

Calculated  for  C,oH|oON,:  N,  16.09.     Pound:  N,  16.06. 

3-Benzyl'4'qmnazolone  was  prepared  in  similar  manner  from  4-quin- 
azolone,  methyl  alcohol,  potassium  hydroxide  and  benzyl  chloride.  The 
reaction  product  was  filtered  hot  from  potassium  chloride,  and  the  de- 
sired quinazolone  crystallized  from  the  filtrate  in  colorless  needles,  which 
were  washed  with  boiling  water  and  recrystallized  from  dilute  methyl 
alcohol,  giving  long,  glassy  needles,  melting  at  116^  (cor.).  Yield,  6  g. 
from  10  g.  of  quinazolone. 

Calculated  for  CibH„ON,:  C,  76.27;  H,  5.08;  N,  11.86.     Found:  0,76.08;  H,  4.82; 

N,  11.98. 

It  is  difficultly  soluble  in  chloroform,  benzene,  acetone  or  alcohol, 

when  cold,  but  dissolves  in  these  solvents  at  their  boiling  points.     It  is 

but  slightly  soluble  in  ether. 

1 1 

2-Methyl'3'p'nitrophenyl-4'quina2olone,    CH3.C  :  N.C^H^.CO.N.CoH^.NO,. 

— ^An  intimate  mixture  of  4  g.  acetanthranil  and  3  g.  />-nitraniline 
was  heated  for  three-quarters  of  an  hour  at  190°.  The  gummy  melt 
solidified  on  cooling.  On  repeated  crystallization  of  this  mass  from  alco- 
hol, glistening,  pale  yellowish  scales  were  obtained,  melting  at  193®  (cor.). 
Yield,  2  g. 

Calctilated  for  CiftH,iO,N|:  C,  64.05;  H,  3.91;    N,  14.94.     Found:  C,  63.81;  H,  4.00'; 

N,  15.04. 

When  tw-nitraniline  was  used  instead  of  the  para  compound,  the  desired 
quinazolone  was  not  obtained. 

2'M ethyl' j'p-tolyl-4'quina2olone. — An  intimate  mixture  of  10  g.  acet- 
anthranil and  7  g.  />-toluidine  was  carefully  heated.  At  about  80®,  the 
mass  began  to  melt,  and  at  100®  steam  was  evolved.  The  temperature 
of  the  bath  was  slowly  raised  to  135®  and  kept  there  for  half  an  hour. 
The  melt  was  crystallized  from  dilute  alcohol  until  pure,  when  it  appeared 
in  small,  glistening,  pale  yellow  scales,  melting  at  151°  (cor.);  soluble  in 
benzene,  acetone,  chloroform  or  methyl  alcohol,  less  readily  in  ether. 
Yield,  10  g. ;  or  about  66%  of  theory. 

Calculated  for  CisHi^ON,:  N,  11.20.     Found:  N,  11.37. 
^'Methyl'j'a'naphthyl-4'quinazolone, — ^An    intimate    mixtiu'e    of    acet- 
anthranil and  a-naphthylamine  was  heated  gradually  to  150^,  and  the 
temperature  held  at  that  point  for  about  an  hour.     The  resultant  melt 
was  poured  while  warm  into  excess  of  alcohol,  the  alcoholic  solution  pre- 
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cipitatecl  by  careful  dilution  with  water,  and  the  precipitate  recrystallized 
from  dilute  alcohol.  Small,  nearly  colorless  plates  were  obtained,  melting 
at  136®  (cor.)  I  which  possessed  an  odor  resembling  that  of  a-naphthyl- 
amine,  possibly  due  to  a  trace  of  this  substance,  and  which  turned  a  pale 
pink  on  standing  in  the  air.  Yield,  10.5  g.  The  compound  is  soluble  in 
acetone,  chloroform  or  benzene,  and  less  easily  in  ether. 

Calculated  for  C,gH,40N,:  N,  9.79.    Found:  N,  9.82. 

2'Methyl-3-P'naphthyl'4-quinazolonet  prepared  in  practically  the  same 
way,  oystallizes  from  alcohol  in  nodules  of  short  needles,  of  a  pinkish 
cast,  melting  at  175®  (cor.),. and  is  less  soluble  in  alcohol  than  the  a-com- 
pound. 

Calculated  for  Cj^^ON,  :  N»  9.79.     Pound:  N,  9.91. 

//.  Bromination  of  4'QuinQzolones. 

1 r 

Manobromo  -  4  -  quinazolone,     HC  :  N.CjHjBr.CO.NH. — ^Attempts     t« 

brominate  4-quinazolone  with  a  solution  of  bromine  in  aqueous  potassium 
bromide,  or  by  bromine  in  acetic  acid  solution,  all  failed.  The  Juvalta^ 
process  was  therefore  applied. 

Two  grams  of  the  quinazolone  were  dissolved  in  60  cc.  fuming  sulftuic 
acid  and  2  cc.  bromine  gradually  added.  The  temperattu^  was  raised 
slowly  to  115^  and  kept  there  for  an  hour  and  a  half.  When  cold,  the 
solution  was  partly  neutralized  with  solid  sodium  carbonate  and  then 
poured  into  about  300  cc.  ice  water.  A  brownish  precipitate  separated. 
It  was  filtered  out,  dissolved  in  dilute  alcohol^the  hot  solution  decolorized 
with  bone-black  and  filtered.  From  the  filtrate,  on  cooling,  there  sep- 
arated a  colorless  flocculent  mass,  which  was  further  purified  by  dissolving 
it  in  dilute  potassium  hydroxide  solution  and  reprecipitating  with  acetic 
add. 

Calculated  for  CgH^ONjBr:  N,  12.44;  Br,  35.55.     Found:  N,  12.28;  Br,  35.79. 

The  compound  melts  at  258®  (uncor.).  It  is  soluble  in  acetone,  methyl 
or  ethyl  alcohols;  insoluble  or  difficultly  soluble  in  water,  benzene,  ether 
or  chloroform. 

ManobramO'2'methyl'4'^uinazolon€,  CHjC  :  N.CaHjBr.CO.NH. —  Addi- 
tion of  bromine  to  the  quinazolone  in  glacial  acetic  add  or  acetic  an- 
hydride solution  yielded  what  was  apparently  only  the  hydrobromide  of 
the  original  substance,  since  on  dissolving  it  in  dilute  potassium  hydroxide 
solution  and  reprecipitating  with  carbon  dioxide,  the  quinazolone  was 
recovered.  Similar  results  were  recorded  when  the  quinazolone  wa« 
triturated  in  a  mortar  to  a  thick  paste  Avith  a  solution  of  bromine  in 
aqueous  potassium  bromide  and  the  paste  then  dried  at  iio^. 

In  this  case  also,  it  was  necessary  finally  to  resort  to  the  Juvalta  method, 

'  Ltfc.  cit. 
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as  described  for  the  4-qumazolone  itself,  the  reaction  being  carried  out 
in  a  similar  manner.  The  product  obtained  by  dissolving  the  crude 
substance  in  dilute  potassium  hydroxide  solution  and  precipitating  with 
acetic  add  was  colorless  and  gelatinous.  Dried  at  110°,  it  melted  at 
277^  (uncor.).    Yield,  55%. 

Calculated  for  C^HrONtBr:  N,  11.71;  Br,  33.47.     Found:  N,  11.73;  Br,  33.99. 

It  is  moderately  soluble  in  cold  methyl  alcohol,  soluble  in  hot  acetone, 
insoluble  in  ether  or  benzene. 

///.  Nitration  of  4'Quinazolones. 

I r 

MononitrO'4-quinazolone,     HC  :  N.C9H8(NO,).CO.NH. — Fuming  nitric 

acid  (sp.  gr.  1.6)  alone  failed  to  nitrate  the  quinazolone. 

Five  grams  of  the  quinazolone  were  added  carefully  to  a  mixture  of 
10  cc.  concentrated  sulfuric  and  10  cc.  fuming  (sp.  gr.  1.6)  nitric  acids, 
the  solution  concentrated  to  half  its  volume,  cooled,  and  poured  into 
500  cc.  ice  water.  The  nitro  derivative  separated  in  beautiful,  silky,  yellow 
plates.  Washed  with  water,  the  compound  lost  its  crystalline  character 
and  became  granular  and  pulverulent.  It  was  further  purified  by  solu- 
tion in  sodium  hydroxide  and  reprecipitation  with  acetic  acid.  As 
thus  purified,  it  forms  a  practically  colorless  powder,  darkening  slightly 
at  about  275°,  and  melting  with  decomposition  at  284®  (uncor.).  Yield, 
60%. 

Calculated  for  CjH^O^,:  N,  21.99.     Found:  N,  21.63,  22.15. 

It  is  moderately  soluble  in  hot  water,  and  in  methyl  or  ethyl  alcohol; 
insoluble  or  difficultly  soluble  in  benzene,  ether  or  chloroform.  It  dis- 
sdves  in  dilute  sodium  hydroxide  solution  to  a  yellow  or  reddish  solution 
depending  upon  the  concentration.  With  sodium  hydroxide  and  methyl 
iodide,  it  gives  the  3-methyl  derivative.  Its  nitro  group  is  very  probably 
at  position  6. 


6'NiirO'2'fn€ihyl'4'quinazblone,  CH3.C  :  N.CeH,(NO,).CO.NH.  — Five 
grams  of  the  quinazolone  were  added  gradually  to  25  cc.  fuming  nitric 
add  (sp.  gr.  1.52)  and  the  solution  then  concentrated  to  half  its  volume. 
When  cold,  the  solution  was  poured  into  50  cc.  ice  water,  and  the  pre- 
cipitated nitro-quinazolone  purified  by  crystallization  from  dilute  alcohol, 
or  by  dissolving  in  dilute  sodium  hydroxide  solution  and  reprecipitating 
with  carbon  dioxide  or  acetic  acid.*  Yield,  66%.  The  pure  substance 
forms  pale  yellow  needles  which  begin  to  decompose  at  about  266®  and 
melt  at  299^  (uncor.).  Small  amotmts  of  imptuities  depress  this  melting 
point  considerably,  and  the  figm'e  278-81°  given  by  Bogert  and  Cook' 
was  obtained  on  an  insufficiently  ptuified  sample,  as  we  have  proven  by 

*  Dehoff,  Loc.  cit, 
*Loc.  cU. 
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examining  their  original  material,  further  purification  of  which  raised 
its  melting  point  to  299°. 

When  this  compotmd  is  heated  with  concentrated  hydrochloric  acid 
in  a  sealed  tube  at  250°,  decomposition  and  charring  result. 

The  influence  of  the  presence  of  metallic  mercury  in  the  above  nitration 
was  also  investigated.  The  interaction  of  the  quinazolone,  fuming  nitric 
acid  (sp.  gr.  1.4  or  1.5)  and  metallic  mercury,  irrespective  of  the  order 
in  which  they  were  mixed,  invariably  yielded  a  dark  mass  which  when 
poured  into  cold  water  gave  a  yellow  to  brownish  precipitate,  insoluble 
in  dilute  aqueous  caustic  alkalies,  alcoholic  alkali,  benzene,  nitrobenzene, 
apiline,  ether,  chloroform,  toluene,  amyl  alcohol  or  amyl  acetate;  but 
soluble  in  hot,  glacial  acetic  acid  or  in  mineral  acids.  Neutralization 
of  the  acetic  acid  solution  by  sodium  hydroxide  yielded  a  yellow  gelati- 
nous precipitate,  which  crystallized  from  glacial  acetic  acid  as  a  yellow 
powder,  melting  above  360*^,  and  proved  to  be  the  mercury  salt  of  the 
original  unnitrated  quinazolone: 

Calculated  for  C^yONjHg:  N,  7.79.     Found:  N,  7.85.    The  presence  of  mercury 
in  the  compound  was  demonstrated  qualitatively. 

I r 

Mononiiro-3-m€thyl'4'quinazol(me,     HC  :  N.C8H3(N03).CO,N.CH3.  —  A 

mixture  of  5  g.  nitro-4-quinazolone  and  125  cc.  methyl  alcohol,  with  the 

calculated   amounts   of  potassium  hydroxide   and   methyl   iodide,    was 

boiled  gently  for  two  hours  under  a  reflux  condenser.     On  cooling,  the 

methyl  derivative  crystallized  out.     Recrystallized  from  methyl  alcohol, 

it  was  obtained  in  colorless  crystals,  melting  at  196^  (cor.). 

The  same  substance  was  obtained  by  nitrating    5  g.    of    anhydrous 

3-methyl-4-quinazolone  with  20  cc.  of  a  mixture  consisting  of  one-third 

concentrated  sulfiu"ic  and  two-thirds  fuming  nitric  (sp.  gr.   1.6)   acids, 

evaporating  to  one-third  the  original  volume,  cooling,  pouring  upon  ice, 

and  recrystallizing  the  crude  product  from   water.     Yield,  about    70%. 

When  pure,  the  substance  is  nearly  colorless.     It  is  soluble  in  water, 

alcohol,  acetone  or  benzene,  but  not  appreciably  soluble  in  ether. 

Calculated  for  C^HjOgN,:  N,  20.48.     Found:    N,  20.64. 

^ r 

Monontiro-3'ethyl'4-quina2olone,     HC  :  N.CoH3(N02).CO.N.C,H5. — ^Two 

grams  of  3-ethyl-4-quinazolone  were  added  to  a  mixture  of  5  cc.  concen- 
trated sulfuric  and  15  cc.  fuming  (sp.  gr.  1.52)  nitric  acids  and  the  whole 
boiled  down  to  about  half  its  volume,  cooled,  and  poured  upon  ice.  Fine, 
colorless  needles  separated  which  became  pulverulent  when  washed 
with  water.  Recrystallized  from  water,  it  was  obtained  in  colorless, 
thin  needles,  melting  at  165*^  (cor.).  Yield,  1.2  g.  (47%).  It  is  also 
soluble  in  alcohol.     The  nitro  group  is  most  probably  at  position  6. 

Calculated  for  C|oH.O,N,:  N,  19.18.     Found:  N,  i9-33- 
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r 1 

6-NiifO-2-methyl'3'eihyl'4-quinazolone,  CH3.C  :  N.C;,H3(NOj).CO.N.C,H5. 
—Five  grams  of  the  methylethylquinazolone  were  added  to  a  mix- 
ture of  15  cc.  concentrated  sulfuric  and  20  cc.  fuming  (sp.  gr.  1.52)  nitric 
acids,  and  the  nitric  acid  boiled  off.  The  cold  acid  solution  was  poured 
upon  cracked  ice,  and  the  nitro  derivative  separated  in  short,  fine  needles 
which  crumbled  to  a  powder  when  thoroughly  washed  with  water  and 
dried.  Yield,  80%.  The  compound  showed  the  same  melting  point 
166°  (cor.)  as  recorded  for  this  substance  by  Bogert  and  Cook,*  who 
prepared  it  from  the  corresponding  nitroanthranilic  acid. 

DinUrO'2'methyl'3-phenyl'4-quinazolone.  —  The  methylphenylquinazo- 
lone  was  nitrated  by  a  mixture  of  one  part  concentrated  sulftu-ic  to  two 
parts  fuming  (sp.  gr.  1.52)  nitric  acid,  the  solution  concentrated,  cooled, 
and  poured  upon  cracked  ice.  The  nitrated  product  separated  in  very 
fine,  yellowish  needles,  not  appreciably  soluble  in  water,  methyl  or  ethyl 
alcohols,  ether,  chloroform  or  benzene.  From  acetone,  or  from  glacial 
acetic  acid,  it  separates  in  microscopic  crystals  of  faint  yellowish  cast, 
melting  at  267°  (uncor.).     Yield,  65%. 

Calculated  for  CiiHjoOftN^:  N,  17.17.     Found:  N,  17.21. 

The  compound  is  evidently  a  dinitro  derivative,  and  it  was  suspected 
that  one  nitro  group  had  entered  position  6,  as  usual,  and  that  the  other 
had  probably  attached  itself  to  the  3-phenyl  group,  most  likely  in  the 
para  position,  as  is  the  case  in  nitrating  2-styryl-4-quinazolone.'  Ni- 
tration of  2-methyl-3-/>-nitrophenyl-4-quinazolone,  as  recorded  beyond, 
did  not  give  the  same  substance,  a  ad  this  part  of  the  investigation  was 
not  carried  further  on  account  of  the  withdrawal  of  the  junior  author 
to  take  up  other  work.  In  our  opinion,  the  compound  is  most  probably 
the  6-nitro-2-methyl-3-a-nitrophenyl-4-quinazolone,  since  2-methyl-3-/>- 
tolyl-4-quinazolone  also  yields  a  dinitro  derivative. 

Niiro-2'methyl'j'p'nitroph€nyl'4'quinazol<me. — The  nitration  was  car- 
ried out  in  a  manner  similar  to  that  used  in  the  previous  cases,  and  showed 
that  only  one  more  nitro  group  could  be  introduced  uader  these  conditions. 
The  position  probably  taken  by  the  entering  nitro  group  is  at  6,  as  already 
explained.  The  product  crystallized  from  glacial  acetic  acid  in  clusters 
of  small,  golden  yellow  scales,  melting  with  decomposition  at  264®  (uncor.), 
and  insoluble  in  water  or  alcohol. 

Calculated  for  CiftHioOfiN^:  N,  17.17.     Found:  N,  17.34. 

A  mixture  of  this  with  the  foregoing  dinitro  body  showed  a  melting 
pomt  of  225*^  (uncor.) . 

DiniirO'2'methyl-j'p-tolyl-4'qtiinazolane.  —  The  nitration  of  2-methyl- 
3-/>-tolyl-4-quinazolone  in  the  same  way  also  resulted  in  the  production 

'  Loc.  cU. 

*  Bogert  and  Beal,  This  Journal,  34,  516  (1912). 


53^         HAkSTON  tAVl/>R  BOG^Rl"  AND  GJ^ORgS  AUGtJSTXTS  GEtGEIt. 

of  a  dinitro  derivative,  insoluble  in  water  or  alcohol,  but  dissolving  in 
glacial  acetic  add.  On  diluting  the  latter  solution,  it  separated  in  minute, 
pale  yellow  crystals,  shriveling  at  262^  and  melting  with  decomposition 
at  275°  (uncor.).  Yield,  1.2  g.  quinazolone.  We  think  it  likely  that 
one  of  the  nitro  groups  in  this  compound  is  at  position  6,  and  the  other 
one  in  the  />-tolyl  nucleus. 

Calculated  for  Cj^ifi^^:  N,  16.47.     Pound:  N,  16.75. 

IV.  Reduction  of  the  Nitro  to  the  Corresponding  Amino  4'QtUnazolones. 


Amino'4-quinazolone,  HC  :  N.CeHj(NHj).CO.NH. — The  nitro  com- 
pound was  reduced  with  stannous  chloride  and  hydrochloric  add,  and 
the  tin  removed  by  hydrogen  sulfide.  After  the  elimination  of  the  tin, 
the  solution  was  made  alkalin  with  potassium  hydroxide,  filtered,  and 
the  filtrate  neutralized  exactly.  Feathery  masses  of  short,  fine  needles 
separated.  Recrystallized  from  water,  these  needles  melted  at  318° 
(cor.).  Yidd,  about  20%.  The  substance  is  soluble  in  dilute  adds^or 
in  alkalies. 

Calculated  for  C,HyON,:  N.  26.08.    Found:  N,  25.95. 

AcetaminO'4'qv/inazolone,  from  the  aminoquinazolone  and  acetic 
anhydride,  crystallizes  from  water  in  colorless,  short,  silky  needles,  mdting 
at  335®  (cor.).    Yidd,  90%. 

Calculated  for  Ct^H^O^N,:  N,  20.69.     Found:  N,  20.57. 

6'AminO'2'-melkyl'4-quifuizolone.  —  The  nitfoquinazolone  was  reduced 
with  stannous  chloride  (or  tin)  and  hydrochloric  add,  and  the  reduction 
product  separated  as  described  for  the  amino-4-quinazolone.  The  yidd 
was  fair  and  the  product,  after  recrystallization  from  water,  mdted  at 
314-5°  (cor.),  with  preliminary  softening  at  about  304°.  It  forms  long, 
colorless,  silky  needles,  soluble  in  dilute  adds  or  alkalies.  This  product 
was  fotmd  to  be  identical  with  the  6-amino-2-methyl-4-quinazolone  pre- 
pared  by  Bogert,  Amend  and  Chambers^  from  2,5-diacetaminobenzoic 
add.  Both  products  showed  the  same  mdting  point,  and  when  the 
two  were  intimatdy  mixed  the  mdting  point  of  the  mixtiure  was  the 
same. 

Dehoff*  tried  the  above  reduction  of  the  nitroquinazolone  but,  ap- 
parently through  lack  of  suffident  initial  material,  failed  to  get  the  amino 
compound. 

Calculated  for  CgHfON,  :  N,  24.00.    Found:  N,  24.12. 

6'AcetaminO'2'methyl'4-quina2olone  was  obtained  from  the  amino- 
quinazolone by  the  action  of  acetic  anhydride  and  ptuified  by  crystalli- 
zation from  water.  It  forms  fine,  colorless  needles  which,  when  heated, 
turn  brownish  at  about  335°  and  mdt  at  351*^  (cor.).     Bogert,  Amend 

'  This  Journal,  32,  13x1  (1910). 
*Uc.eit. 
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and  Chambers  prepared  the  same  substance  from  5-acetamHioacetan- 
thranil  and  ammonia,  and  found  its  melting  point  to  be  350^  (cor.).  A 
mixture  of  the  two  products  showed  a  melting  point  of  349^  (cor.),  and 
in  either  respect  they  were  found  to  be  identical.  When  the  7-acetamino 
isomer  (m.  p.  344^,  cor.)  was  mixed  with  this  product,  the  melting  point 
of  the  mixture  dropped  to  311®  (cor.). 

I r 

Amtno-3'fneihyl-4'quina2ol<me,  HC  :  N.C,H,(NH,).CO.NCH,.— The  cor- 
responding nitro  compound  was  reduced  with  stannous  ddoride  and 
hydrochloric  add,  warming  to  complete  the  reaction.  On  cooling,  color- 
less crystals  separated.  These  were  dissolved  by  adding  three  volumes 
of  hot  water,  and  the  tin  precipitated  by  hydrogen  sulfide.  The  filtrate 
from  the  tin  sulfide  was  boiled  to  remove  hydrogen  sulfide,  then  made 
alkalin,  filtered  hot,  and  on  cooling  the  amine  separated  from  the  filtrate 
in  small,  colorless  needles.  Recrystallized  from  water,  the  substance 
melts  at  209**  (imcor.).    Yield,  20%. 

Calculated  for  CtH^ON,:  N,  24.00.    Found:  N,  33.96. 
AceiaininO'3'meihyl-4-quinazolone,    prepared    from    the  above  by  the 
action  of  acetic  anhydride,  crystallizes  from  water  in  thin,  colorless,  silky 
needles,  melting  at  269^  (uncor.). 

Calculated  for  C„Hi,0,N,:  N,  19.35.     Found:  N,  1947. 

6'Amino-2,3'<limethyl-4'qtUnazolane, — ^The  corresponding  nitroquinazo- 
lone  was  reduced  with  stannous  chloride  and  hydrochloric  add,  detinnlng 
with  hydrogen  sulfide,  boilmg  out  excess  of  the  latter,  filtering,  making 
the  filtrate  alkalin  and  filtering  hot.  Prom  this  hot,  alkalin  filtrate, 
the  amine  separated  on  cooling  and  was  recr3rstallized  from  water.  It 
forms  colorless,  thin,  silky  needles,  melting  at  244°  (uncor.).     Yield,  10%. 

Calculated  for  C,oH,iON,  :  N,  22.32.     Found:  N,  23.33. 

6'AminO'2'inethyl'3'eihyl'4'quinazolone  was  prepared  in  a  similar  man- 
ner from  the  nitro  compotmd  by  reduction  with  stamious  chloride  and 
hydrochloric  add.  It  crystallizes  from  water  in  long,  thin,  colorless 
needles,  melting  at  185°  (cor.).     Yidd,  20%. 

Calculated  for  C„Hi,ON,  :  N,  20.69.     Found:  N,  20.63. 
V,  Other  Experiments  with  2-Methyl'4'quinazolone. 

The  stability  of  this  substance  towards  hot,  concentrated  hydrochloric 
acid  tmder  presstu'e  was  tested  with  the  following  results,  using  5  cc.  of 
the  add  per  gram  of  quinazolone:' 

1.  Six  hours  at  155 *'.     No  apparent  change. 

2.  Six  hours  at  190°.  Slight  decomposition  and  some  pressiu-e  in  the 
tube.     From  2  g.  quinazolone,  t.8  g.  of  the  hydrochloride  were  recovered. 

3.  Six  hours  at  216°.  Partial  decomposition,  with  considerable  pres- 
sure in  the  tube.     From  2  g.  quinazolone,  about  1.5  g.  of  the  hydrochloride 

*  Compare  Bogert  and  Sell,  This  Journal,  389  890  (1906). 
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were  recovered,  and  a  small  amount  of  what  appeared  to  be  aniline  hy- 
drochloride. 

4.  Six  hours  at  250°.  Complete  decomposition  of  the  quinazolone 
into  aniline,  ammonia  and  carbon  dioxide.  Crystals  of  ammonium 
chloride  separated  in  the  tube. 

2-Methyl-4-qmnazolone  and  Benzoyl  Chloride. — EUinger  and  Riesser* 
found  that,  by  the  action  of  benzoyl  chloride  upon  4-hydroxyquinoUne, 
4-chlorquinoline  could  be  obtained.  It  therefore  seemed  worth  trying 
this  reagent  upon  2-methyl-4-hydroxyquinazoline  (2-methyl-4-quinazo- 
lone),  in  the  hope  that  here  too  the  hydroxyl  group  might  be  replaced 
by  chlorine,  since  all  other  methods  so  far  used  to  get  this  chlorquinazoline 
have  failed.  Experiments  directed  to  this  end,  however,  proved  imsuc- 
cessful.  When  a  mixture  of  five  grams  of  the  quinazolone  and  50  cc. 
benzoyl  chloride  were  heated  together,  the  quinazolone  slowly  dissolved, 
and  in  three  hours  a  clear  solution  was  obtained,  but  no  chlorquinazoline 
could  be  recovered  from  the  dark  liquid. 

Nbw  York  City. 
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STUDIES  ON  MALIC  ACID.    I.    THE  TRANSFORMATION  OF  MALIC 
ACID  TO  SUGAR  BY  THE  TISSUES  OF  THE  MAPLE 

(ACER  SACCHARINUM). 

Bt  W.  R.  Blqor. 
Received  February  2.  1912. 

Although  malic  acid  is  one  of  the  most  widely  distributed  plant  acids, 
very  little  is  known  definitely  of  its  chemical  relations  to  the  other  or- 
ganic plant  substances,  or  of  its  function  in  the  plant  organism.  To- 
gether with  tartaric  and  citric  acids,  malic  acid  is  generally  regarded 
as  a  product  of  '* intramolecular"  respiration  and,  like  them,  is  most  closely 
related  to  glucose.  In  certain  members  of  the  Crassulaceae — thick- 
leaved  desert  plants  which  have  adapted  themselves  to  life  in  places 
where  moisture  and  carbon  dioxide  are  scarce — ^it  has  been  demonstrated 
by  Kraus*  that  there  is  an  accumulation  of  malic  acid  at  the  expense  of 
the  sugar  during  the  night,  and  a  transformation  of  malic  acid  into  sugar 
during  the  day.  By  this  process  of  molecular  rearrangement  the  plant 
is  supplied  with  energy  during  the  night  while  the  precious  carbon  di- 
oxide is  preserved  for  use  during  the  succeeding  day.  These  same  plants 
use  malic  acid  also  as  a  form  of  reserve  material,  the  calcium  malate  de- 
posited often  amounting  to  half  the  dry  weight  of  the  leaf.  The  disap- 
pearance of  malic  acid  accompanied  by  an  increase  of  sugar  is  well  known 

»  Ber.,  42,  3336  (1909). 

*  Kraus,  Abhandl.  Naiurforsch.  Gcselhch.  IIalk\  16,  393  (1886). 
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to  take  place  during  the  ripening  of  fruits  which  contain  malic  acid,  e,  g., 
the  apple.  In  neither  case  is  the  transformation  quantitative,  considera- 
bly more  malic  acid  disappearing  than  can  be  accounted  for  by  the  sugar 
formed.  It  became  of  interest  to  know  whether  the  ability  to  transform 
malic  acid  to  sugar  is  common  to  all  plants  which  produce  malic  acid. 

Maple  sap  contains  malic  acid  in  the  form  of  neutral  calcium  malate 
to  the  extent  of  about  i  %  of  the  sugar  content,  and  since  a  supply  pf 
this  material — the  so-called  "sugar  sand'' — became  available^  it  was  de- 
cided to  determin  whether  the  tissues  of  the  maple  could  effect  the  above 
transformation.  Presumably  the  power  to  bring  about  the  change  would 
be  most  marked  in  those  parts  of  the  tree  which  were  showing  signs  of 
life  at  the  time  of  the  sap  flow — ^the  swelling  buds  and  the  shoots  which 
carried  them — and  these  tissues  were  accordingly  used  for  the  experiment. 

The  malic  acid  preparations  used  were: 

1.  Neutral  calcium  malate  obtained  by  twice  recrystallizing  the  "sugar 
sand." 

2.  Acid  calcium  malate,  obtained  by  precipitating  half  the  calcium 
from  the  neutral  malate  by  means  of  oxalic  acid,  and  recrystallizing  the 
product. 

3.  Malic  acid — ^by  removal  of  all  the  calcium  from  the  crude  neutral 
malate  by  oxalic  acid.  This  product  contained  a  small  amount  of  cane 
sugar  as  impurity. 

4.  Pare  malic  acid — by  precipitation  of  all  the  calcium  from  the  cal- 
cimn  malate  of  preparation  i . 

Well  developed,  healthy  shoots  of  Acer  Saccharinum,  of  the  previous 
year's  growth,  were  collected  at  the  time  when  the  leaf  buds  first  showed 
signs  of  swelling  and  later  when  the  buds  had  opened  and  before  much 
growth  had  taken  place.  The  buds  were  separated  from  the  shoots  and 
both  treated  as  follows:  After  a  preliminary  washing  with  cold  water, 
the  tissues  were  chopped  as  fine  as  possible,  ground  in  a  meat  mill  till 
well  disintegrated,  and  used  at  once  for  the  experiments,  which  were 
carried  out  as  follows. 

Five  to  six  grams  of  the  fresh  tissue  were  weighed  into  a  350  cc.  Erlen- 
meyer  flask,  200  cc.  of  boiled  water  added  and  then  enough  of  the  malic 
acid  preparation  to  make  a  0.5%  solution  was  measured  in  with  a  pipet. 
Ten  cubic  centimeters  of  xylene  were  added  as  a  preservative,  the  mixture 
well  shaken,  loosely  stoppered  and  placed  in  a  south  window.  A  mixture 
containing  all  the  substances  except  the  malic  acid  was  similarly  treated 
and  used  as  a  blank.  After  exposing  to  sunlight  for  a  suitable  time,  the 
acidity  and  the  sugar  content  of  each  solution  were  determined  in  the 
following  way : 

*  Through  the  kindness  of  Dr.  W.  H.  Warren,  formerly  of  this  school. 
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Acidity, — Determined  by  titration  with  standard  alkali  and  phenol- 
phthalein.  Correction  was  made  for  initial  acidity  (due  to  the  malic 
acid  preparation)  and  for  the  acidity  of  the  blank. 

Sugar, — ^To  the  neutral  mixture  from  above  was  added  15  cc.  of  10% 
neutral  lead  acetate,  the  solution  shaken,  filtered,  and  the  precipitated 
lead  malate  washed  twice  with  cold  water.  To  the  filtrate  was  added 
excess  of  sulfuric  acid,  the  precipitated  lead  sulfate  filtered  off  and  the 
filtrate  and  washings  boiled  to  hydrolyze  any  disaccharides  present.  After 
neutralization  with  sodium  hydroxide  and  filtering,  sugar  was  determined 
by  Allihn's  method.  Correction  was  made  for  reducing  substance  in 
the  blank  and  when  necessary,  in  the  malic  acid  preparations. 

Maple  Shoots. 
Series  I. — Sunlight. 

0.5%  solutions  of  neutral  calcium  malate,  add  calcium  malate,  and  malic  add. 

Change  in  acidity.        Change  in  reduction, 
cc.  0.1  M  Mg.  CuiO. 

Experiment  I. — a  days'  sunlight. 

Neutral  Ca  malate Loss,     0.7  No  change 

Add  Ca  malate. Loss,     2 .  i  Gain,     47 .0 

Malic  add Loss,     9.7  Gain,   131. 2 

Experiment  II. — ^}4  days'  sunlight. 

Neutral  Ca  malate No  change  Gain,     34.0 

Add  Ca  malate Loss,     8.4  Gain,   136 . 2 

Malic  add Loss,    18.3  Gain,     92 .0 

Experiment  III. — 2  days'  sunlight,  i  dull  day. 

Add  Ca  malate Loss,     o. 75  •       Loss,  8.0 

Pu  e  malic  add Loss,     7.5  Loss,  16.0 

Malic  add  (containing  sugar,  prep.  3) Loss,      5.25  Gain,  4.6 

Pure  malic  add  (1%  solution) Loss,  17 .3  Gain,  •  16.0 

•  Malic  acid  (1%  solution) Loss,      1.5  Gain,  14.0 

Experiment  IV. — 10  days*  sunlight,  2  dull  days. 

Acid  Ca  malate Loss,  3 .0  Gain,  54.0 

Pure  malic  add Loss,  14.3  Gain,  42 .0 

Malic  acid  (containing  sugar) Loss,  11 . 2  Gain,  61.0 

Pure  malic  acid  (i %  solution) Loss,  5 . 8  Gain,  82 .0 

Malic  add  ( i  %  solution) Loss,  22 . 3  Gain,  99 .0 

The  tissue  of  maple  shoots  in  solutions  of  malic  acid  or  malates  is  here 
shown  to  produce,  in  nearly  all  cases,  an  increase  in  the  reducing  power 
together  with  a  decrease  in  the  acidity  of  the  solutions.  There  is  no 
constant  relation  between  the  loss  of  acidity  and  the  gain  in  reducing^ 
power. 
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Maflb  Shoots. 

Series  II.    Incubator. 

In  order  to  determin  whether  light  was  necessary  for  the  transformation*  some 

experiments  were  carried  on  in  an  incubator  at  a  temperature  of  38°.    The  solutions 

as  before  contained  0.5%  of  the  malic  acid  compound. 

Change  in  acidity.       Change  in  reduction* 
cc.  0.1  N,  Mg.  CuiO. 

Experiment  I. — ^3  days. 

Acid  Ca  malate Loss,     4 .47  Gain,       7 .0 

Pure  malic  acid Loss,      5.7  Loss,     33 .0 

Malic  add  (with  sugar) Loss,     5.7  Gain,       8.0 

Experiment  II. — ^  days. 

Acid  Ca  malate Loss.      1.49  Gain,     24.0 

Pure  malic  acid Loss,     6.50  Gain,     63.3 

Malic  acid  (with  sugar) No  change  Loss,       5 .0 

Experiment  III. — 8  days. 

Acid  Ca  malate Loss,     2 . 8  Gain,       7  •  7 

Malic  acid  (with  sugar) Loss,      8 .94  Loss,     35 . 7 

In  this  series  there  is  a  lack  of  constancy  of  results,  which  is  probably 
due  to  the  much  more  favorable  conditions  for  bacterial  growth.  The 
net  results,  however,  indicate  that  the  changes  noted  in  Series  I  may  be 
produced  by  warmth  alone  and  that  therefore  light  is  not  necessary  for 
the  transformation.     There  is  then  a  strong  probability  of  enzyme  action. 

Maplb  Shoots. 

Series  III.    Tissue  boiled  for  five  minutes. 

These  experiments  were  made  to  determin  whether  the  changes  no  led  were  caused 
by  enzymes:  also  to  exclude  the  possibility  of  an  increase  in  reducing  power  due  to 
hydrolysis  of  sugar-producing  substances  in  the  tissue  by  the  malic  acid.  The  solu- 
tions containing  the  maple  tissue  were  boiled  for  five  minutes. 

Change  in  acidity,      Change  in  reduction, 
oc.  0.1  ^.  Ms.  CuflO. 

Experiment  I. — 3  days'  sunlight. 

Add  Ca  malate Loss,      i .  5  Slight  gain 

Ptu-e  malic  add Loss,      7 . 5  Gain,       7 . 6 

Malic  add  (with  sugar) Loss,     7 . 5  Gain,       4.  i 

Experiment  11.-^  days  (4  doudy,  2  sunlight). 

Add  Ca  malate Loss,     2 . 2  Loos^      17 .0 

Pure  malic  add Loss,    13. 4  Loss,       5.5 

Malic  add  (containing  sugar) Loss,     7.5  Gain,     1 1 .0 

Experimaat  III.*»i3  days  (10  sunlight). 

Add  Ca  malate Gain,     1.5  Gain,       4.0 

Pure  malic  add Loss,     3 .0  No  change 

Malic  add  (with  sugar) Gain,     i .  i  Loss,     20.7 

Boiling  prevents  any  appreciable  increase  in  reducing  power,  indicating 
the  probable  presence  of  an  enzyme  in  the  tissues,  and  excludng  the 
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possibility  of  hydrolysis  due  to  the  acidity  of  the  solatioas.  An  attempt 
was  made  to  extract  the  enzyme  with  water.  About  9  g.  *of  the  finely 
divided  shoots  were  allowed  to  stand  in  water  over  night,  the  extract 
filtered  off,  mixed  with  the  malic  acid  preparations  and  diluted  with 
water  to  the  same  volume  as  before. 

Maflb  Shoots. 

Series  IV.    Water  Extract. 

Change  in  acidity,     Change  in  reduction, 
cc  0.1  AT.  mg.  CugO. 

Experiment  I. — 4.  sunny,  2  cloudy  days. 

AcidCamalate -Gain,     1.52  Gain,       7.8 

Malic  acid,  pure Gain,     5 . 2  Gain,     15 . 2 

Malic  acid,  impure  (containing  sugar) No  change  Gain,     42 .6 

Experiment  II. — 4}^  days'  bright  sunshine. 

Acid  Ca  malate Loss,      2.22  No  change 

Malic  acid,  pure Loss,     4 .44  Gain,     20 .0 

Malic  acid  (containing  sugar) No  change  Loss,      25 .0 

The  results  indicate  that  the  active  principle  is  somewhat  soluble  in 
water. 

Maflb  Buds  (Leaf  Buds). 

0.5%  solutions  of  neutral  calcium  malate,  acid  calcium  malate,  and  malic  add. 

Change  in  acidity.    Change  in  reduction, 
cc.  0.1  N.  mg.  CuiO* 

Experiment  I. — Buds  swelling.     2  days'  sunlight. 

Neutral  Ca  malate Gain,     6.25  Loss,     48 .0 

Acid  Ca  malate No  change  Loss,      29 .0 

Malic  add  (containing  sugar) Loss,    1 1 .9  Loss,     40.0 

Experiment  II. — Buds  swelling.     4>^  days'  sunlight. 

Neutral  Ca  malate No  change  No  change 

Add  Ca  malate Loss,      2 .  23  No  change 

Malic  add  (containing  sugar) Loss,    1 1 .9  Loss,     37 .0 

Experiment  III. — Buds  opening.     2  days'  sunlight. 

Add  Ca  malate Gain,    15.6  Loss,     94 . 5 

Malic  add Gain,   52 . 5  Loss,     43 .0 

Experiment  IV. — Buds  opening.     10  days'  sunlight. 

Acid  Ca  malate Gain,    15.6  

Malic  add Gain,  47 .6  Loss,      39 .4 

The  tissues  of  the  swelling  buds  mixed  with  solutions  of  malic  acid 
or  its  salts  cause  a  decrease  in  the  reducing  power  of  the  solutions,  which 
is  generally  accompanied  by  an  increase  of  acidity.  The  change  is  more 
marked  in  the  more  rapidly  growing  (opening)  buds  and  probably  means 
a  breaking  down  of  the  sugar  by  the  growing  tissues. 

The  experiments  reported  above  were  carried  out  in  the  spring  of  191 1 
and  were  limited  to  the  time  of  opening  of  the  leaf  buds.  For  obvious 
reasons  the  work  is  incomplete,  but  as  circumstances  prevent  its  con- 
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tinuance  for  some  time,  the  foregoing  results  are  offered  with  the  expec- 
tation of  supplementing  them  later  as  opporttmity  permits. 

In  conclusion,  I  wish  to  express  my  appreciation  of  the  kindness  of 
Prof.  G.  T.  Moore,  of  the  Missouri  Botanical  Gardens,  in  placing  at  my 
disposal  the  resources  of  the  gardens. 

Condttsioiifl. 

The  tissue  of  maple  shoots,  when  mixed  with  solutions  of  malic  acid 
or  malates  and  exposed  to  sunlight,  cause  an  increase  in  reducing  power 
and  a  decrease  of  acidity  in  the  solutions — which  may  be  interpreted  to 
mean  a  transformation  of  the  malic  acid  into  sugar. 

A  less  pronounced  change  of  the  same  kind  is  produced  in  darkness 
at  38  ^ 

The  active  principle  which  produces  the  change  is  somewhat  soluble 
in  water,  is  destroyed  by  boiling  and  is  therefore  probably  of  enz3rmc 
nature. 

The  tissue  of  maple  buds  similarly  treated  brings  about  a  decrease 
of  reducing  substance  and  an  increase  of  acidity  in  solutions  of  malic 
acid  or  its  salts. 


[Contribution  prom  the  Food  Research  Laboratory,  Bureau  op  Chemistry, 
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Introduction. 

^SS^t  when  fresh,  contam  a  large  percentage  of  moisture,  and  like  all 
other  highly  aqueous  substances  they  lose  moisture  on  standing  by  evap- 
oration to  the  external  atmosphere.  Chemical  analyses  of  eggs  by  various 
investigators  are  fairly  numerous,  but  little  has  been  done  to  correlate 
the  change  in  moisture  content  with  the  age  or  condition  of  the  egg, 
Konig'  reports  an  analysis  of  eggs  by  Bostock  as  early  as  1855.  Lang- 
worthy'  determined  the  percentage  in  the  whole  egg  with  and  without 
the  shell,  and  on  the  white  and  yolk  separate,  and  on  boiled  eggs.  Lebbin* 
found  the  relative  percentage  of  yolk,  white,  and  shell.  Cook*  made 
a  more  extensive  study  of  eggs,  and,  together  with  other  changes,  found 
that  **eggs  in  storage  for  one  year  show  a  loss  of  weight  equivalent  to 
10%  of  the  total  weight,  which  loss  is  largely  water  from  the 
whites. "    He  also  found  that  ''when  fresh  eggs  are  boiled  a  loss  in  weight 

'  Preliminary  paper. 

'  Chemie  der  MennschUchen  Nahrungs  und  Genusstnittel,  z,  98. 

»  U.  S.  Dept.  Agr.,  Farmers*  BtUleiin  xa8. 

*  Z.  dfferU,  Chemie,  6,  148  (1900). 

•  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  BiUl.  115. 
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occurs,  while  storage  eggs  gain  on  boiling.  Apparently  the  whites  lose 
more  water  tlian  do  the  yolks  and  consequently  gain  more  when  boiled. 
The  boiled  yolks  when  fresh  contain  less  than  50%  of  water;  when 
cold-stored  this  percentage  is  increased,  the  figure  reaching  64%  in  the 
last  examination. " 

Pennington^  in  a  rather  extensive  study  of  fresh  eggs  determined  the 
moisture  on  several  samples  for  the  whites  and  yolks  separately  and 
established  averages  which  have  served  as  the  basis  of  many  calculations 
in  this  work. 

Moisture  Determinations. 

The  White  Leghorn  eggs  used  for  this  investigation  were  obtained  from 
a  poultry  farm  and  were  not  more  than  24  hours  old  when  the  experiment 
began.  They  were  kept  in  the  ordinary  commercial  30-dozen  egg  crate 
at  a  temperature  of  32®  F.;  those  held  at  higher  temperatures  were  in 
pasteboard  cartons,  each  holding  i  dozen.  The  cartons  were  so  arranged 
that  they  were  not  in  juxtaposition,  in  order  to  give  a  uniform  exposure 
to  the  atmosphere.  An  analysis  of  the  fresh  eggs  was  made  and  then  of 
other  samples  from  the  lots  held  at  32  °  F.  at  intervals  of  from  one  to  three 
months  and  from  the  higher  temperature  lots  at  intervals  of  from  three 
to  ten  days.  Two  dozen  eggs  were  usually  taken  for  a  sample  in  order 
to  insure  uniformity.  The  results  of  the  moisture  determinations  are 
recorded  in  Table  I. 

Tablb  I. — ^Percentage  Change  op  the  Moisture  Content  of  White  and  Yolk 
ON  Holding  at  Dippbrent  Temperatures  por  Varying  Periods. 


Expt 

.  196  (32' 

»F.). 

Bxpt.  197  (32 « 

'  P.).          Bxpt.  356  (32 

•P.). 

Bxpt.  357  (3S 

t*  P.). 

Ageia 
day*. 

White. 

Yolk. 

A<e  in 
day*. 

White. 

Agt  in 
Yolk.    day*.  White. 

Age  in 
yolk.   day*.  White. 

YoOc. 

41 

87.42 

49.15 

43 

87-54 

48.80       0     88.25 

47.35 

14     88.75 

47.17 

76 

87-15 

49.77 

83 

86.42 

49.25      14     87.59 

47.87 

21       88.06 

47-54 

166 

86.65 

50.25 

197 

86.30 

50.54     35     87.55 

48.05 

35     87.94 

48.08 

201 

86.19 

49-73 

268 

85.96 

50.81     49     87.10 

49.35 

49     88 . 16 

48.37 

266 

85 -35 

50.60 

... 

... 

■   ••                ••                ■•• 

•    •   • 

•   •               •  •  • 

... 

Bxpt.  365  (52  < 

'F.). 

Bxpt.  355  (65* 

P.).          Bxpt.  334  (70 

•P.). 

Bxpt.  336  (80 

!•  P.). 

Agt  in 
day*. 

White. 

Yolk. 

Ace  in 
day*. 

White. 

Age  in 
Yolk.    day*.  White. 

Age  la 
Yolk.   day*.  White. 

Yolk. 

0 

88.24 

46.63 

0 

87.66 

47.64       0     87.60 

47.17 

0     87.75 

47.97 

14 

87 

57 

47.80 

7 

86.71 

48.96       6     87.09 

48.53 

7     86.98 

49.00 

35 

87 

•44 

49.39 

18 

86.11 

50.28     13     86.63 

49.13 

II     86.51 

49.72 

•  ^ 

•  i 

■  ■ 

•    •   • 

34 

85 -99 

50.56     19     86.45 

49.26 

15     86.77 

49.78 

•    • 

•   1 

»  • 

•   •   • 

.  ■ 

•  «  • 

26     85 . 16 

50.27 

19     85.89 

50.44 

•   • 

.   •   4 

1  • 

•    •   • 

. . 

•  •   ■ 

...       35     85.09 

50.19 

•   •                •  •   tt 

•   •    • 

■    • 

•   4 

k  • 

•    •   • 

. . 

•  •  • 

40     84.74 

50.60 

■  •               •   •  • 

■   •   • 

Interpretation  of  Results. 

The  decrease  in  moisture  in  the  white  appears  to  be  easily  a<c(x>unted 
for  by  evaporation  to  the  external  atmosphere,  but  the  loss  in  weight 

*  /.  Biol.  Chem.,  7,  109  (19 10). 
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as  shown  by  means  of  the  balance  is  not  sufiEident  to  account  for  the 
entire  decrease  in  the  percentage  of  moisture.  This  fact,  together  with 
the  increased  moisture  in  the  yolk,  suggests  a  transfer  of  water  from 
white  to  yolk. 

As  far  as  the  results  given  in  Table  I  indicate,  it  can  not  be  definitely 
proved  that  water  passes  from  the  white  to  the  yolk.  The  same  results 
would  be  obtained  if  the  white  took  up  solids  from  the  yolk,  and  the 
yolk  would  apparently  increase  in  water  if,  during  the  process  of  desic- 
cation in  the  determination  of  solids  in  the  oven  at  100 **  C,  some  of  the 
solids  were  volatilized.  The  two  chief  constituents  in  the  yolk,  aside 
from  water,  are  fat  and  protein.  A  determination  of  the  Reichert-Meissl 
number  of  the  extracted  fat  indicates  no  increase  of  volatile  fatty  acids, 
from  which  it  may  reasonably  be  assumed  that  there  is  no  volatilization 
of  fatty  substance.  Furthermore,  an  analysis  of  the  dried  sample  gives 
the  same  percentage  of  nitrogen  as  the  percentage  of  nitrogen  in  the  fresh 
sample  calculated  on  the  water-free  basis,  which  would  show  that  there 
is  no  loss  of  nitrogenous  or  protein  matter.  By  a  process  of  mathematical 
calculation  it  can  easily  be  shown  that  solids  have  not  passed  from  the 
yolk  to  the  white.  Although  the  yolk  has  decreased  in  the  percentage 
of  its  solids  by  about  the  same  number  of  points  that  the  white  has  in- 
creased, nevertheless,  since  the  percentage  of  solids  in  the  yolk  greatly 
exceeds  that  in  the  white,  the  amount  which  it  would  be  necessary  for 
the  yolk  to  lose  in  order  to  account  for  the  experimental  data  would  be 
more  than  sufficient  to  raise  the  percentage  of  solids  in  the  white  to  the 
experimental  figures,  regardless  of  the  fact  that  there  is  almost  twice  as 
much  white  as  yolk,  and  even  if  there  were  no  loss  of  moisture  to  the 
external  atmosphere. 

This  phenomenon  of  a  transfer  of  water  from  the  white  to  the  yolk 
may  easily  be  explained  by  the  simple  process  of  osmosis.  The  yolk, 
which  contains  a  very  high  percentage  of  solids,  is  surrounded  by  a  mem- 
branous tissue  called  the  vitellin  membrane,  which  in  turn  is  smrounded 
by  the  egg  white,  a  liquid  much  more  dilute  than  the  yolk.  By  osmosis 
the  water  passes  through  the  membrane  from  the  more  dilute  to  the 
more  concentrated  solution  until  an  equilibrium  is  obtained.  In 
the  egg  this  process  continues  until  the  vitellin  membrane  becomes  so 
weak  that  it  breaks,  when  the  white  and  yolk  begin  to  lose  their  identity. 
This  action  proceeds  with  such  definiteness  that  by  a  process  of  calcu- 
lation, knowing  the  original  weight  of  the  egg,  the  loss  in  moisture  to  the 
external  atmosphere  can  be  calculated  with  surprising  closeness  to  the 
actual  loss  as  shown  by  the  balance.    The  following  examples  are  given : 

ExAMFLB  I.    No.  334  1-7  (40  days  at  room  temperature). 

(Fresh  eggs  -  59.35%  white,  30.39%  yo^c,  10.26%  shell.) 
561  grams  —  origmal  weight  of  10  fresh  eggs. 
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561  X  59.35%  —  323.95  grams,  original  weight  of  white  in  10  fresh  eggs. 
561  X  30.39%  -»  170.49  grams,  original  weight  of  yolk  in  10  fresh  eggs. 
332.95  X  13.40%  —  41.28  grams,  solids  in  white  of  10  eggs. 
170.49  X  52.83%  "-  90.07  grams,  solids  in  yolk  of  10  eggs. 
41.28  -i-  15.26%  -»  270.52  grams,  final  weight  of  white. 
90.07  +  49.40%  —  182.33  grams,  final  weight  of  yolk. 
62.43  grams  »  total  loss  to  white  (calculated). 
11.84  grams  —  total  gain  to  yolk  (182.33-170.49). 
50.59  grams  »  loss  to  external  atmosphere  (calculated). 

(Experimental  loss  to  10  eggs  as  taken  from  No.  334-7  shows  an  average  of  49.53 
gram  .) 

ExAMPLB  II.    No.  336  1-5  (19  days  at  room  temperature). 
556.6  grams  -»  original  weight  of  10  fresh  eggs. 
556.6  X  59.35%  —  330.34  grams,  original  weight  of  white  in  10  eggs. 
56.6  X  30.39%  «"  169.15  grams,  original  weight  of  yolk  in  10  eggs. 
330.34  X  12.25%  ""  40.46  grams,  solids  in  white  of  10  eggs. 
169.15  X  53.02%  —  88.01  grams,  solids  in  yolk  of  10  eggs. 
40.46  -^  14.11%  ->  286.8  grams,  final  weight  of  white. 
88.01  -^  49.56%  ^  177.6  grams,  final  weight  of  yolk. 
43-54  grams  *»  total  loss  to  white  (calculated). 
8.40  grams  »  total  gain  to  yolk  (calculated). 
35.14  »  loss  to  external  atmosphere  (calculated). 
35-83  ""  average  loss  to  10  eggs  as  shown  by  experiment  No.  336-5. 

Tablb  II. — ^Percbntagb  of  Shell,  Whitb,  and  Yolk. 

Bxpt.  number  Weight 

and  condition.  of  egg.  Shell.  Yolk.  White. 

Ftesh.  Ofmma.  Per  cent.     Per  cent.     Per  cent. 

I^ 543153  10.13  31.35  58.52 

II 58-5077  9-57  30.81  59.62 

III 54.1700  10.83  30.00  59.17 

IV 61.9017  10.53  29.40  60.07 

Average 57.2237         10.26        30.39        59-35 

Stale. 
I 51.3885         11.06         33-12         55.82 

The  change  in  water  content  increases  its  rate  with  the  temperature 
and  diminishes  with  the  time.  The  rate  or  the  average  rate  from  the 
beginning  of  the  experiment  up  to  any  given  time  is  merely  the  loss  in 
weight  divided  by  the  time.  The  original  weight  of  the  white  or  yolk 
is  obtained,  as  shown  in  Examples.  I  and  II,  and  the  weight  of  either 
at  any  stage  in  the  experiment  can  be  calculated  on  the  basis  of  total 
solids.  These  rates  are  plotted  in  Figs,  i  and  2.  It  should  be  stated, 
however,  that  the  curves  are  mathematically  exact  and  consequently 
are  slightly  more  uniform  than  could  be  obtained  by  experiment  even 
under  the  most  ideal  conditions.  Experimental  results  vary  above  and 
below  the  values  indicated  by  the  curves,  but  follow  them  very  closely 
in  general  direction. 
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Development  of  the  Rate  Formuhu 

The  fermula  is  developed  on  the  basis  of  the  Fahrenheit  scale.  Days 
are  plotted  as  abscissas,  and  grams  per  day  or  rate  as  ordinates.  In  the 
scale  I  miit  of  rate  equals  20  units  of  the  y  ordinate;  in  the  formulas  y 
is  negative  and  equals  the  distance  downward  from  the  3.685  ordinate, 
or  /?  «=  3.685  +  y/20  from  which  y  «  — (73.7-20  R)\  D  ^  days  =>  2X. 
The  curve  for  the  80®  experiment  will  take  the  shape  of  a  parabola/ 
>''  *=  80.50^  with  the  axis  on  the  y  ordinate  3.685,  and  the  vertex  at  x  —  o. 
In  order  to  be  able  to  combine  the  curves  for  the  different  temperatures 
in  one  formula  as  a  function  of  the  temperature  the  curves  must  constitute 
a  family.  It  is  found  that  the  70*^  curve  coincides  almost  exactly  with 
y'  =  65.4X  (if  y  is  greater  than  25.31)  on  the  same  axis,  and  the  32** 
curve  in  the  same  fashion  coincides  with  y^  =  8ic  (if  ^  >  65)  also  on  the 
same  axis.  From  this  the  following  series  is  interpolated: 
(i)  At  8o^  y^  =  80.5^ 
.    (2)  At  70°,  /  -  65.4JC 

(3)  At  60**,  /  =  50.3X 

(4)  At  50°,  )/»  -  35.2X 

(5)  At  40°,  /  «  20.11: 

(6)  At  30^  ;j/»  =    5.ax 

(7)  At  27^  y»  =  o 

giving  the  general  formula 

/  =  (y-^)  15.1  +  5)^    or    /  -  (i.5i<— 40.3)jc. 

These  are  plotted  in  Fig.  i.  The  curve,  however,  for  each  tem- 
perature, does  not  start  from  y  =  o,  but  from  a  variable  origin,  the 
locus  of  whose  points  is  the  parabola  v^  =  39.12  {y  =»  temperature  and 
ar  a=  4  plus  50  times  the  rate  on  the  first  day,  giving  the  formula  i^  =-  39.  i 
(50  jRj  +  4)).  The  parabola  v^  =»  39. i«  is  derived  from  a  plotting  of  the 
rate  for  the  first  day  at  different  temperatures,  or  R^, 

From 

i^  =  39.1  (50  ^1  +  4)       or      /*  =  1955  R^  +  156.4 

^    _  <»— 156.4 
*  *       1955 

In  order  to  compare  the  curves  for  the  different  temperatures  they 
are  all  started  on  the  same  ordinate  of  the  vertex  of  the  80®  curve,  since 
this  vertex  happens  to  be  at  Z>  =0  (Fig.  2).  Then  in  the  general  formula 
y^  =  (1.51/  —  40.3)  X,  y  has  the  same  scale  value  at  all  times  {y  =■  — (73.7 
—  20  /2),  but  the  value  of  x  will  be  a  function  of  the  temperature. 

'  The  parabolic  ctirve  was  used  in  preference  to  the  logarithmic,  since  difihision 
rather  than  chemical  action  is  responsible  for  the  changes  observed,  and  the  parabola 
expresses  in  a  more  simple  manner  the  facts  observed. 
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y*  D 

^  «,  dJ ^  —       y,  —  y,  on  the  first  day. 

i.5i<  — 40.3        2       ^^       ^ 

yx  -  — (73.7  — 2o/?,) 

20/'  — 3^128' 

955 


/  2or 3125\ 

— ^^_  4. .. 

1. 5 1'  — 403  2 


(73-7  — 2o/?)*  -  (1.5 1/  — 40.3)1 


391/  ^.  ^ 

i.5i<  —  40.3  2  J 


73.7  -2oR-^  (75.3  -  ^j    --  /    '' 


No  experiment  has  been  conducted  at  a  temperature  lower  than  32^  P., 
but  following  the  order  of  progression  in  the  remainder  of  the  series  y 
becomes  zero  at  about  27°,  indicating  no  transfer  of  water.  This  is  also 
approximately  the  freezing  point  of  egg  material,  further  confirming 
the  nonprobability  of  a  transfer  of  water. 

The  curves  in  Fig.  2  are  the  parts  of  the  curves  of  Fig.  i  below  the 
"locus  of  rates  on  the  first  day,"  all  moved  back  to  a;  «  o.  These  are 
in  fact  the  experimental  curves,  whereas  the  prolongations  in  Fig.  i 
merely  indicate  the  mathematical  relation. 

Application  of  the  Formula. 

By  means  of  the  rate  formula  and  one  analysis  of  a  sample  of  eggs 
it  is  possible  to  predict  the  condition  of  the  eggs  at  any  temperature 
for  any  given  date  within  a  reasonable  holding  period.  The  rate  mul- 
tiplied by  the  time  gives  the  loss  in  weight,  from  which  data  it  is  a  simple 
matter  to  find  the  percentage  of  moisture  remaining. 

The  curves  are  all  on  the  loss  of  water  in  the  white.  Similar  results 
are  obtained  by  plotting  the  rate  of  increased  moisture  in  the  yolk.  More 
extensive  work  along  this  line  is  now  being  done. 
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[From  thb  Laboratory  op  Physiological  Chemistry  of  the  University  of  Illi- 
nois.] 

STUDIES  ON  WATER  DRINKING.     XII.    ON  THE  ALLANTOIN  OUT- 
PUT OF  MAN  AS  INFLUENCED  BY  WATER  INGESTION.^ 

By  L.  T.  Faixbaix  and  P.  B.  Hawk.^ 
Received  Pebniary  10,  1912. 

Introduction. 

The  allantoin  literature  was  reviewed  in  a  recent  article  from  this  lab- 
oratory.* Very  little  work  on  allantoin  has  appeared  in  the  scientific 
press  since  that  time.  The  recent  work  of  Hunter  and  Givens*  is  of  par- 
ticular interest.  They  used  monkeys  as  subjects  and  isolated  the  allan- 
toin from  the  urin  of  the  animal  by  the  method  of  Wiechowski.  They 
could  detect  no  uric  acid  and  found  only  4 . 5  mg.  of  purine  base  nitrogen 
in  500  cc.  of  urin.  The  same  authors  have  just  reported  further  find- 
ings on  the  normal  purine  metabolism  of  the  monkey.*^  They  found 
that  71-87%  of  the  total  purine  nitrogen  appeared  as  allantoin.  When 
sodium  nucleate  was  fed,  sometimes  as  much  as  90%  of  it  was  recov- 
ered, for  the  most  part  as  allantoin.  It  is  evident,  therefore,  that  the 
monkey  possesses  a  uricolytic  enzyme  which  splits  uric  add  into  allan- 
toin. An  analogous  condition  has  not,  thus  far,  been  definitely  demon- 
strated for  the  human  organism.  Schittenhelm  and  Wiener,*  for  ex- 
ample, after  feeding  nuclear  material  failed  to  observe  what  they  con- 
sidered to  be  an  increased  output  of  allantoin.  The  allantoin  output 
in  these  instances  was  small,  to  be  sure,  but  nevertheless  the  authors 
mentioned  present  no  data  from  control  periods  for  comparison.  We 
cannot  be  certain,  therefore,  that  the  allantoin  output,  though  small,  was 
not  increased  under  the  influence  of  the  feeding  of  the  nudein-bearing 
material.  Moreover,  the  subjects  used  were  dinical  patients  and  it  is 
quite  possible  that  their  metabolic  attitude  toward  the  ingested  material 
was  not  that  of  a  normal  organism.  The  finding  by  Ascher^  of  allantoin 
in  the  urin  of  a  fasting  man  indicates  that  in  the  human  organism,  as  well 
as  in  that  of  the  lower  animals,  allantoin  may  have  an  endogenous  origin. 
Objections  have  been  raised  to  such  an  interpretation  on  the  basis  that 
the  fasting  period  in  Ascher's  experiment  was  not  long  enough  to  insure 
the  non-influence  of  the  feeding  period  upon  the  allantoin  output. 

*  Reported  before  Am.  Soc.  Biol.  Chem.,  Baltimore,  December,  19 11. 

*  The  authors  wish  to  thank  Mr.  L.  A.  Fritze  for  assistance  rendered  during  the 
early  stages  of  the  allantoin  determinations. 

*  Wreath  and  Hawk,  This  Journal,  33,  1601  (1911). 

*  Aw.  J.  Physiol.,  27,  1911. 

■  Reported  before  Soc.  Biol.  Chem.  and  Biological  Section  Am.  Chem.  Soc.,  Wash- 
ington, December,  1911. 

*  Z.  pkysioL  Chem.,  63,  283  (1909)- 

*  Biochem.  Z.,  26,  370  (1910). 
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Allantoin  Excrbtion  as  Influenced  by  Water  Ingestion. 

Water  iiicietted.  AUantoin  excreted 

Days.  Cc.  Gram. 

Fore  period: 

13 900  0.0135 

Water  period: 

1 3450  0.0173 

2 3450  0.0166 

3 3450  0.0157 

4 3450  0.0162 

5 3450  0.0205 

Average 0.0173 

Final  period: 
5 900  0.0122 

Certian  perfusion  experiments  of  Ackroyd*  are  of  interest.  This  in- 
vestigator found  that  when  sodium  urate  was  perfused  through  the 
surviving  liver  of  the  dog  that  a  portion  of  the  urate  was  destroyed.  Only 
part  of  the  destroyed  urate  was  recovered  as  allantoin.  In  later  experi- 
ments of  this  character  in  which  rabbits  were  used  as  subjects,  it  was 
found  that  the  urate  was  converted  quantitatively  into  allantoin.'  Ack- 
royd  has  examined  certain  foods  for  allantoin,  and  reports  that  milk, 
white  bread,  French  peas  and  greea  peas  all  contain  allantoin  in  small 
amount,  whereas  more  could  be  detected  in  eggs,  bananas  or  rhubarb.' 
The  failure  of  Schittenhelm  and  Wiener^  to  find  any  allantoin  in  the  urin 
of  a  subject  maintained  upon  a  diet  of  milk  and  vegetables  permits  of  the 
query  as  to  whether  the  urinary  allantoin  excretion  is  influenced  by  the 
allantoin  which  forms  a  constituent  part  of  the  ingested  food.  This 
question  has  been  partly  answered  by  further  work  of  Schittenhelm 
and  Wiener,*  in  which  it  was  shown  that  only  30%  of  the  allantoin  in- 
gested by  human  subjects  in  the  form  of  an  aqueous  solution  was  recov- 
erable in  the  xxriu.  0 

Experimental. 

It  was  proposed  to  demonstrate  what  influence,  if  any,  would  be  ex- 
erted upon  the  urinary  allantoin  output  of  a  normal  man  when  he  was 
caused  to  ingest  large  quantities  of  distilled  water  at  meal  time.  The 
subject  of  the  experiment  was  a  man  weighing  57.5  kg.  The  plan  of  the 
investigation  was  the  same  as  that  utilized  in  this  laboratory  in  connec- 
tion with  previous    water-drinking   researches.*    The   experiment    was 

'  Biockem,  /.,  5,  217  (19 10). 
'Ibid.,  5,442  (191 1). 

•  Ibid.,  5>400  (i9»i)- 
*Loc.cii. 

•  Z.  pkysiol,  Ckem.,  63,  287  (1909). 

•  Fowler  and  Hawk,  /.  Exp.  Med.,  12,  388  (1910).     Mattill   and   Hawk,   This 
Journal,  33,  1978  (191 1);  Ibid.,  p.  1999;  Ibid.,  p.  2019. 


548  I<.  T.   TAJXEAIX  AND   P.    B.   HAWK. 

divided  into  three  separate  periods,  a  fore  or  control  period,  a  water 
period  and  a  final  period.  The  following  uniform  diet  was  fed  each  day 
throughout  the  experiment:  300  grams  graham  crackers,  1200  grams 
whole  milk,  75  grams  butter,  45  grams  peanut  butter.  Thirteen  days 
were  included  in  the  fore  period  and  five  days  in  the  final  period,  and  dur- 
ing each  of  these  days  900  cc.  of  water  were  ingested,  300  cc.  of  it  being 
taken  at  meal  time.  The  water  period  was  five  days  in  length  and  on 
each  day  of  this  period  3450  cc.  of  water  were  taken,  2850  cc.  of  this  vol- 
ume being  taken  at  meal  time. 

The  method  used  for  the  determination  of  allantoin  was  that  proposed 
by  Wiechowski.* 

Discussion. — The  analytical  data  are  summarized  in  the  table  on  page 
547.  It  will  be  noted  that  the  average  daily  excretion  of  allantoin  for 
the  thirteen  normal  days  preceding  the  interval  of  high-water  ingestion 
was  0.0135  gram.  Upon  the  first  day  of  the  water  period  when  the 
ingestion  of  water  was  increased  from  900  cc.  per  day  to  3450  cc,  the 
allantoin  output  rose  to  0.0173  gram  and  remained  above  normal 
throughout  the  five  days  of  copious  water-drinking.  The  values  for  the 
remaining  four  days  were  0.0166,  0.0157,  0.0162  and  0.0205  gram, 
respectively.  The  average  daily  allantoin  excretion  for  the  entire  water 
period  was  0.0173  gram,  which  happens  to  be  the  identical  allantoin 
value  as  determined  for  the  initial  day  of  the  period.  This  constitutes 
an  increase  of  over  20%  above  the  normal  allantoin  level.  At  the  open- 
ing of  the  final  period,  during  which  the  water  ingestion  was  reduced 
to  the  normal  quantity,  the  daily  allantoin  output  decreased  very  per- 
ceptibly from  that  observed  during  the  water  interval.  The  average 
daily  output  for  this  final  period  of  five  days  was  0.0122  gram.  It  will 
be  observed  that  this  is  a  decrease  of  about  30%  from  the  yalues  deter- 
mined for  the  water  period.  It  is  also  somewhat  lower  than  the  value 
as  determined  for  the  fore  period.  This  same  compensatory  effect  has 
been  noted  in  our  water  experiments  in  other  connections.  In  other 
words,  when  a  certain  tuinary  constituent  is  increased  under  the  influ- 
ence of  a  high  water  ingestion  it  very  often  happens  that  the  output 
of  this  constituent  is  sub-normal  in  the  succeeding  period.  On  the  other 
hand,  if  the  constituent  has  been  excreted  in  sub-normal  amount  during 
the  water  period  the  post-water  interval  will  many  times  witness  an  aug- 
mented excretion. 

We  realize  fully  that  we  are  dealing  here  with  very  small  quantities 
of  allantoin.  However,  inasmuch^as  we  were  feeding  our  subject  a  diet 
which  was  absolutely  imiform  from  day  to  day  we  feel  justified  in  con- 
cluding that  the  water,  when  given  in  increased  quantity,  caused  an  aug- 
mentation in  the  daily  allantoin  output.     We  would  interpret  this  find- 

'  Wiechowski,  Biochem.  Z.,  zg,  368  (1909). 
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ing,  tentatively,  as  indicating  that  the  oxidative  functions  of  the  organ- 
ism have  been  stimulated  through  the  passage  of  this  large  volume  of 
water  into  the  organism  in  question  and  consequently  material  of  purine 
origin  which  would  under  ordinary  conditions  have  been  excreted  in 
other  less  highly  oxidized  forms  was  oxidized  to  allantoin  and  eliminated 
as  such  (see  Summary) .  In  support  of  this  interpretation,  we  would  cite 
certain  other  findings  reported  from  this  laboratory.  In  the  experiments 
in  question^  the  uric  acid  output  of  a  normal  man  living  on  a  normal 
uniform  diet  was  found  to  tmdergo  a  pronounced  decrease  when  large 
quantities  of  water  were  ingested.    At  the  time  this  finding  was  reported, 

• 

we  found  it  difficult  to  see  "how  an  increased  water  ingestion  could  be 
considered  as  a  logical  forerunner  of  a  decreased  uric  add  eJccretion." 
When  an  increased  allantoin  output  was  subsequently  obtained  in  an  ex- 
periment entirely  similar  in  character  and  also  made  upon  a  human 
subject,  the  possibility  of  the  interrelationship  of  these  two  findings 
suggested  itself  to  us.  It  should  be  mentioned  that  in  the  work  on  uric 
add  dimination,  to  which  reference  has  just  been  made,  a  large  part 
of  the  decrease  in  the  output  of  uric  add  was  bdieved  to  be  due  to  the 
fact  that  the  method  employed  (Folin)  for  its  determination  was  not  en- 
tirely satisfactory  for  use  in  connection  with  the  dUuUe  urines  of  the  water 
period. 

Several  arguments  may  be  advanced  against  the  validity  of  our  inter- 
pretation. In  the  first  place,  Ackroyd's*  demonstration  that  various 
food  products  contain  allantoin  may  be  considered  by  some  to  diminate 
the  possibility  of  interpreting  our  increased  allantoin  as  of  endogenous 
origin.  In  the  second  place,  the  failure  of  Schittenhelm  and  Wiener' 
to  secure  a  high  allantoin  output  after  the  feeding  of  purine  material  is 
considered  evidence  that  uric  add  is  not  oxidized  to  allantoin  in  the  human 
organism.  The  findings  of  Ackroyd  to  our  mind  do  not  constitute  a 
valid  objection  to  our  interpretation  inasmuch  as  we  were  feeding  a 
imiform  diet  and  if  the  food  fed  did  contain  allantoin  identical  quanti- 
ties of  allantoin  must  of  necessity  have  been  ingested  daily.  And  imder 
such  conditions  the  water  period  witnessed  an  increase  in  the  excretion 
of  allantoin.  Much  of  the  force  of  Schittenhdm  and  Wiener's  findings 
as  furnishing  evidence  against  otu*  interpretation  is  lost  because  of  the 
fact  that  their  feeding  tests  were  not  adequatdy  controlled  and  the 
subjects  were  not  normal  individuals.  On  the  other  hand,  an  observa- 
tion whidi  furnishes  strong  proof  of  the  endogenous  origin  of  allantoin 
in  the  human  organism  is  Ascher's  finding  of  allantoin  in  the  urin  of  a 
fasting  man.  More  observations  on  subjects  fasting  for  longer  intervals 
are,  however,  essential. 

*  Rulon  and  Hawk,  Tms  Joxtxkal,  33,  1666  (19 10). 
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When  one  considers  the  ease  with  which  uric  acid  may  be  oxidized 
to  allantoin  in  vitro,  and  the  further  fact  that  a  similar  transformation 
occurs  in  the  organism  of  lower  animals,  it  is  logical  to  look  for  at  least 
some  oxidation  of  this  character  in  the  human  organism. 

Summary. 

Whea  the  diet  of  a  normal  man  was  supplemented  by  900  cc.  of 
water  per  day  the  average  daily  output  of  allantoin  (Wiechowski's 
method)  was  0.0135  gram  for  a  period  of  thirteen  days.  Upon  increasing 
the  water  intake  to  3450  cc.  per  day  for  a  period  of  five  days,  the 
average  daily  allantoin  excretion  was  increased  to  0.0173  gram.  This 
constitutes  an  approximate  20%  increase.  The  daily  value  for  a  five-day 
final  period  on  the  original  900  cc.  water  ingestion  was  0.0122  gram. 

The  increase  in  the  allantoin  output  accompanying  water-drinking 
may  indicate  that  the  oxidative  mechanism  of  the  organism  has  been 
stimulated  through  the  introduction  of  the  large  volume  of  water  into  the 
body  and  that  purine  material  which  would  ordinarily  have  been  excreted 
in  some  less  highly  oxidized  form  has  been  oxidized  to  allantoin  and  ex- 
creted in  this  form.  This  interpretation  is  strengthened  by  the  finding 
io  this  laboratory  of  a  decreased  imc  acid  output  after  the  water  inges- 
tion of  the  subject  (man)  had  been  considerably  increased. 

In  view  of  the  fact  that  the  above  interpretation  is  contrary  to  the  cur- 
rent views  regarding  purine  metabolism  in  the  human  organism,  the 
authors  make  the  interpretation  tentatively  until  further  experiments 
may  be  completed. 

Urbana,  III. 


A  NEW  APPARATUS  FOR  VACUITM  SUBLIMATION.' 

By  Gborob  W.  Morby. 
Received  February  9.  1912. 

An  examination  of  the  literature  shows  surprisingly  few  descriptions 
of  apparatus  for  sublimation  in  vacuo.  The  apparatus  of  Kempf'  is 
probably  the  best  of  the  common  forms.  It  is  easily  broken,  however, 
since  one  of  the  ground  joints  becomes  heated,  both  by  radiation  and 
by  the  condensation  of  the  sublimed  material.  Moreover,  it  is  not  suita- 
ble for  working  with  large  quantities  of  material. 

The  need  arising  to  sublime  large  quantities  of  certain  organic  com- 
pounds, the  apparatus  described  here  was  devised.  Its  construction 
can  be  readily  vseen  by  referring  to  tbe  sketch.  The  bell  jar  is  a  large 
one  (26  cm.  diameter)  and  the  joint  between  it  and  the  glass  plate  is  well 
ground,  so  that  it  will  readily  hold  a  vacuum  with  a  very  thin  coating  of 

'  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
•  Richard  Kempf,  *'Praktische  Studien  fiber  Vakuum-sublimation,"  /.  praki.  Ckem., 
78, 201-59. 
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stopcock  grease.  Since  this  joint  is  never  heated  and  none  of  the  sablimed 
material  comes  in  contact  with  it,  no  contamination  is  to  be  feared.  A 
large,  shallow  crystallizing  dish,  that  will  just  sit  inside  the  bell-jar,  rests 
on  the  glass  base  plate,  and  on  it  rests  a  glass  cylinder,  10.5  cm.  in  di- 
ameter and  20  cm.  high,  cut  from  a  large  piece  of  tubing.  This  glass 
cylinder  serves  as  a  support  for  the  electrical  heating  element,  which 
is  of  the  type  ordinarily  used  in  electrically  heated  hot  plates,  vrith  an 
iron  top  and  an  enamel  bottom.  The  top  of  the  cylinder  is  loosely  ground 
into  the  enamel  bottom  of  the  hot  plate.    The  glass  cylinder  also  serves 
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to  keep  the  sublimed  material  from  coming  in  contact  with  the  lead  wires 
or  with  the  top  of  the  rubber  stoppers.  The  wires  carrying  the  current 
are  led  in  through  the  bottom  as  shown,  the  rubber  stoppers  being  pushed 
in  far  enough  to  pass  through  the  holes  in  the  crystallizing  dish,  thus 
holding  the  latter  in  position.  It  is  best  to  have  the  wires  in  two  parts 
with  connectors  near  the  top,  to  facilitate  the  removal  of  the  heating 
element.  The  substance  to  be  sublimed  is  placed  in  a  flat  bottomed 
platinum  dish  or  in  a  crystallizing  dish  resting  directly  on  the  hot  plate. 
A  deep  crystallizing  dish,  with  a  hole  cut  out  through  the  bottom  to  re- 
ceive the  platinum  dish,  is  placed,  upturned,  over  the  top,  as  shown,  to 
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prevent  the  sublimed  substance  coming  in  contact  with  the  iron  hot  plate. 
The  bell  jar  is  evacuated  through  the  bottom,  the  crystallizing  dish  not 
being  drilled  in  this  case.  The  whole  is  moimted  on  a  wooden  base, 
cut  out  to  allow  the  electrical  leads  and  .vacuum  connection  to  pass 
through. 

The  advantages  of  this  form  of  apparatus  can  be  readily  seen.  It  is 
convenient,  since  lifting  ofiF  the  bell  jar  renders  all  parts  readily  accessible. 
Most  of  the  sublimed  material  drops  into  the  crystallizing  dish,  from 
which  it  can  be  easily  removed.  This  materially  affects  the  speed.  In 
most  forms  of  sublimation  apparatus  the  solid  is  condensed  directly 
above  the  tmsublimed  portion,  and  all  that  drops  must  be  re-sublimed, 
with  no  consequent  gain  in  purity.  The  material  comes  in  contact  with 
nothing  but  glass  and  platinum.  This  is  unimportant  with  stable  sub- 
stances such  as  naphthalene,  but  with  easily  decomposed  substances 
such  as  salicylic  acid  it  is  important.  The  apparatus  can  be  readily 
calibrated  so  that  the  approximate  temperature  can  be  determined  by 
having  an  ammeter  in  the  circuit. 

The  above  apparatus  for  vacuum  sublimation  has  been  in  use  at  the 
Bureau  of  Standards  for  over  a  year,  during  which  time  it  has  given 
complete  satisfaction  in  the  last  step  in  the  purification  of  the  naphtha- 
lene and  benzoic  acid  issued  by  the  Bureau  as  standard  calorimetric 
samples.  It  is  rapid  and  efficient,  the  process  is  under  complete  control, 
and  the  apparatus  requires  but  little  attention. 


NOTES. 

An  Improved  Extraction  Apparatus. — ^The  extraction  apparatus  here 
illustrated  and  described  was  designed  early  in  the  year  1909  for  special 
use  with  a  number  of  tmusual  solvents,  but  has  since  been  employed 
quite  extensively  in  the  laboratories  of  this  Btu'eau  for  general  purposes. 
It  represents  the  result  of  an  attempt  to  combine  in  an  all-glass  device 
the  principal  advantages  of  the  Wiley  and  Soxhlet  forms.  It  was  de- 
sired to  make  a  compact,  convenient  apparatus  free  from  stoppers,  seals 
and  ground  connections,  the  separate  parts  of  which  should  be  simple 
and  interchangeable  as  well  as  readily  accessible  for  cleaning,  alteration 
or  repair. 

It  consists  of  three  essential  parts,  a  straight  outer  tube  A,  a  condenser, 
B,  terminating  at  the^lower  end  in  a  small  glass  hook,  and  a  suitable 
extraction  tube,  C,  for] holding  the  material  to  be  extracted.  The  ex- 
traction tube  (shown  in  perspective)  is  suspended  from  the  hook  on  the 
condenser  by  means  of  a  semi-circular  wire  bail  of  such  a  size  that  it  may 
be  swung  out  of  the  way  when  filling  or  emptying  the  tube.  While  it 
may  readily  be  adapted  to  meet  any  special  requirements,  it  is  usually 
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provided  with  a  siphon  for  intennittent  drainage.  Th«  nphon,  however, 
need  not  be  an  integral  part  of  the  tube,  since  a  separate  siphon  of  small 
bore  hung  over  the  edge  of  a  plain  tube  is  gener- 
ally found  to  fill  by  capillarity  and  operate  with 
entire  satisfaction. 

A  convenient  size  of  the  apparatus  for  use  with 
such  solvents  as  alcohol,  acetone,  or  chloroform 
consists  of  an  outer  tube  4 . 5-5 .  o  cm.  in  diam- 
eter and  34-35  cm.  in  length  with  other  parts 
prxjportioned  about  as  indicated  in  the  sketch. 
Glass  naturally  presents  a  somewhat  less  effec- 
tive cooling  siuface  than  metal,  so  that  for  the 
more  volatile  solvents  the  condenser,  as  illus- 
trated, is  rather  short.  In  winter  or  when  specially 
cooled  water  is  available,  however,  even  this  very 
short  condenser  will  retain  ethyl  ether  without 
excessive  loss. 

If  it  is  desired  to  weigh  the  substance  re- 
moved by  the  extraction,  it  is  convenient  to 
rinse  the  contents  of  the  outer  tube  into  a 
tared  dish  of  appropriate  size  for  evaporation. 
Where  the  extract  is  to  be  treated  further  with- 
out weighing,  the  comparatively  large  mass^and 
capacity  of  the  tabe  are  not  foimd  to  be  objec- 
tionaUe. 

^It  should  be  noted  that  the  contents  of  the  extraction  tube  are  main- 
tained at  a  temperature  but  slightly  below  the  boiling  point  of  the  sol- 
vent. This  is  generally  considered  to  be  an  advantage,  but  has  the  ef- 
fect of  preventing  the  use  of  the  apparatus  as  described  with  non-homo- 
geneous solvents  such  as  petroleum  ether,  since  the  more  volatile  con- 
stituents tend  to  collect  and  boil  in  the  extraction  tube,  while  the  siphon 
is  superheated  by  the  vapors  of  the  higher  boiling  components  and  thereby 
rendered  inoperative.  Thos.  B.  Ford. 
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A  Modified  Jacket  for  a  Vidar  Meyer  Vapor-Density  Apparatiu. — When 
any  considerable  number  of  students  are  engaged  in  the  determination 
of  molecular'weights  by  the  Victor  Meyer  method,  the  breakage  of  outer 
jackets  is  a 'source  of  constant  annoyance.  These  jackets  are  rather 
expensive,  are  easily  broken,  and  the  blowing  of  a  new  bulb  is  usually 
beyond  the  slcill  of  the  student.  A  simple  device  illustrated  in  the  draw- 
ing has  been  found  to  be  quite  satisfactory  as  a  substitute  for  these  jackets 
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A  plain  beaker,  A ,  takes  the  place  of  the  bulb.  It 
is  provided  with  a  copper  cover,  a  cross-section  of 
which  is  shown  at  B.  The  collar  in  the  center 
should  be  of  such  size  that  the  smallest  tube  which  is 
to  serve  as  a  jacket  will  readily  sUp  over  it.  The 
deep  groove  around  the  collar,  made  broad  enough 
to  take  the  widest  tubes,  serves  as  a  water  seal  for 
connecting  the  outer  jacket  C.  The  liquid  condens- 
ing on  the  walls  of  the  outer  tube  automatically  fills 
this  seal,  and  the  collar  should  be  provided  with 
several  small  drain  holes  just  below  the  level  of  the 
flat  cover  to  prevent  the  liquid  from  overflowing  the 
seal.  It  is  not  necessary  to  connect  the  cover  with 
the  beaker.  If  the  cover  is  flat,  and  the  rim  of  the 
beaker  reasonably  true,  the  surface  tension  of  the 
film  of  liquid  at  the  joint  prevents  any  appreciable 
leakage  as  there  is  very  little  pressure  upon  it.  The 
tube  C  may  be  made  from  a  broken  outer  jacket  or 
from  any  tubing  of  suitable  size.  It  is  cut  square  at 
both  eads  and  its  length  is  readily  adapted  to  that 
of  any  inner  tube.  If  deshed,  the  beaker  may  be  re- 
placed by  a  metal  can  or  spun  bulb  provided  with  the 
arrangement  for  a  water  seal,  and  the  cover  could  be 
manufactured  from  porcelain  or  glass  instead  of  sheet 
copper.  W.  E.  Hendbrson. 
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CORRECTION. 

In  the  article  by  Bogert  and  Heidelberger  in  the  February  number  of 
This  Journai,,  34,  183,  there  occurs  a  confusing  error  which  should  be 
corrected.  On  page  188,  the  concluding  sentence  of  the  second  paragraph 
reads :  "  It  seems  odd  that  the  phthalone  should  form  a  salt  with  phthalic 
and  not  with  the  strong  mineral  adds."  This  sentence  should  be  elimina- 
ted, since  the  compound  to  which  it  refers,  and  with  which  the  rest  of 
the  paragraph  deals,  is  not  a  phthalate  of  the  phthalone  but  of  the  qtUn- 
azolone.  M.  T.  BOGERT,  M.  HeidelbbrgBR. 

NEW  BOOKS. 

Hllfsbucb  far  HahiungsmlttelchemlbeT.    By  A.  Bujard  akd  E.  Baier.    Third  Edition. 
8vo.     pp.  xviii  4  730.     Price,  12  M. 
The  scope  of  the  book  is  not  confined,  as  the  tide  would  indicate,  to 
thfe  examination  of  foods.    It  also  includes  tobacco,  water,  air,  soil. 
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taxmitig  material,  urin  analysis,  and  fifty  pages  are  devoted  to  bacteriology. 

The  first  edition  of  the  book  was  warmly  welcomed.  The  literature 
relating  to  the  examination  of  foods  and  especially  food  adulteration  for 
the  most  part  could  only  be  consulted  in  the  original  articles  in  the  journals. 
Few  reference  books  handled  the  subject  in  anything  like  an  adequate 
manner.  The  work  of  Bujard  and  Baier  appearing  at  this  time  pre- 
sented an  exceptionally  valuable  compilation  of  the  methods  then  avail- 
able. 

The  present  edition  does  not  appear  to  represent  the  literature  on  that 
subject  to-day  as  well  as  the  first  edition  did  at  the  time  of  its  publication. 

The  book  is  of  special  value,  however,  as  a  work  of  reference  in  the  sub- 
jects that  are  ordinarily  handled  in  several  volumes  but  does  not  go  into 
the  detail  often  necessary  in  the  investigation  of  a  particular  class  of 
foods.  The  methods  do  not  always  include  the  latest  ones  published 
which  have  been  found  valuable  for  the  examination  of  the  products 
under  discussion.  For  instance,  the  Roese  method  is  still  described  for 
the  determination  of  fusel  oil  in  distilled  liquors.  The  necessity  for  the 
examination  of  added  oil  in  paprika  is  not  recognized.  The  refractometer 
method  for  the  detection  and  determination  of  methyl  alcohol  is  npt 
given.  Sjeming's  method  for  the  separation  of  peptones  and  meat  bases 
is  not  given. 

Unfortunately  the  authors  do  not  appear  to  have  consulted  the  litera- 
ture in  other  languages  than  their  own. 

The  recent  contributions  of  American  laboratories  which  have  made 
possible  the  adequate  inspection  of  the  foods  on  the  market  in  this  country 
are  entirely  overlooked  with  the  exception  of  brief  references  to  a  very 
few  abstracts  appearing  in  German  journals.  Notwithstanding  the 
enormous  importance  of  German  writers  to  the  literature  of  food  chemistry 
it  is  no  longer  possible  for  an  author  to  treat  the  subject  adequately 
and  ignore  the  contributions  of  American  laboratories. 

W.  D.   BiGBLOW. 

L'lntematioiialifme  Sdentlflque  (Sciences  Puree  et  Lettree).  Par  P.  H.  Eijkman. 
M^dedn  2t  La  Haya  Publication  du  Bureau  Pr^liminaire  de  la  Fondation  pour 
L'Internationalismc.     La  Haye.     191 1.     Price,  three  francs. 

There  are  now  so  many  international  organizations,  that,  as  Professor 
Schuster  said  five  years  ago,  we  must  begin  to  guard  against  overlapping 
and  future  conflict.  The  Bureau  Prdiminaire  de  la  Fondation  pour 
Ir'Intemationalisme  has  attempted  to  secure  adequate  information  about 
every  organization  within  certain  limits  which  is  fairly  to  be  called  inter- 
national. This  information  is  preserved  in  the  '*  Archives  et  la  Bibli* 
otheque  de  rintemationalisme. "  By  means  of  a  detailed  and  complete 
survey  of  international  activities,  it  hopes  to  aid  each  new  undertaking 
to  avoid  duplication  and  consequent  division  of  forces. 
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In  1910,  the  Bureau  published  "  L'Internationalisme  MMical/'  giving 
information  concerning  more  than  two  hundred  enterprises  connected 
with  medical  science.  The  present  work  contains  a  dozen  pages  of  sup- 
plement to  the  publication  of  1910,  and  then  describes  organizations 
having  to  do  with  Science  and  Letters,  or  with  Science,  or  with  Letters; 
letters  is  made  to  include  linguistics  and  literature,  and  also  history,  art, 
philosophy  and  theology. 

After  6  +  xii  -f  108  pages  of  text,  a  larger  number  of  unnumbered 
pages  are  filled  with  information  concerning  every  international  organiza- 
tion known  to  the  Bureau,  in  a  form  available  in  making  up  card  cata- 
logs. Edward  W.  Morlby. 

Opere  Scelte  di  Amedeo  Avogadro.  Publicate  dalla  R.  Accademia  delle  Scienze  di 
Torino.  Torino:  Unlone  Tipografico-Editrice  Torincse.  191 1.  Quarto,  pages 
6  +  cxl  +  491.    Price,  20  lire. 

Count  Amedeo  Avogadro  was  for  more  than  fifty  years  a  member  of 
the  Royal  Academy  of  Sciences  at  Turin,  honored  for  distinguished  attain- 
ments in  science  and  loved  as  a  man.  When  he  passed  away  in  1856, 
the  Academy  provided  a  suitable  commemorative  discourse. 

The  year  191 1  was  the  centennial  of  the  publication  of  the  first  of  the 
five  great  memoirs  in  which  Avogadro's  law  was  announced  and  supported 
and  applied.  Worthily  to  commemorate  one  of  the  most  important 
achievements  yet  made  in  chemistry,  the  Academy  in  1907  named  an 
Executive  Committee  which  has  obtained  a  bronze  bust  of  Avogadro 
and  has  provided  for  the  publication  of  this  selection  from  Avogadro 's 
published  memoiris. 

The  execution  of  the  task  is  worthy  of  the  Royal  Academy  and  of  the 
memory  of  Avogadro.  The  paper  is  of  high  quality;  each  page  bears 
as  a  watermark  the  name  Amedeo  Avogadro;  the  type  and  presswork  are 
excellent.  It  contains,  first,  a  note  by  the  president  of  the  Academy; 
then,  a  portrait  of  Avogadro  from  the  new  bronze  bust;  a  historical 
and  critical  discourse  on  the  life  and  scientific  work  of  Avogadro;  re- 
prints of  his  papers  on  the  molecular  constitution  of  gases,  on  electricity, 
oil  electrochemistry,  and  on  capillarity;  and  a  bibliography.  Out  of  the 
55  papers  and  books  there  listed  as  having  been  published,  twelve  are 
reprinted  in  full  in  this  volume. 

["^The  Italian  phy^dst  Botto  wrote  an  account  of  the  life  and  scientific 
works  of  Avogadro  soon  after  the  death  of  the  latter;  there  seems  to  have 
been  no  more  extensive  biography  until  Guareschi,  in  1901,  published 
his  "Amedeo  Avogadro  e  la  teoria  moleculare,"  in  47  quarto  pages. 
Together  with  this  memoir  appeared  a  translation  into  Italian,  by  the 
daughter  of  Guareschi,  of  that  paper  of  Avogadro  which  is  most  fre- 
quently cited,  which  had  been  published  in  181 1  in  French,  and  which 
had  never  before  been  printed  in  Italian.    It  was  natural  that  Guareschi 


should  be  chosen  to  edit  the  present  volume,  and  the  choice  was  a  hajppy 
one.  The  historical  and  critical  discotu-se  fills  140  pages.  It  is  well 
written  and  dear.  Some  ten  pages  tell  of  Avogadro's  life,  about  a  hun- 
dred tell  of  the  law  named  after  Avogadro  and  of  its  applications,  and  some 
thirty  pages  describe  Avogadro 's  other  scientific  work  or  contain  docu- 
ments concerning  incidents  in  his  life. 

Avogadro 's  law  is  now  regarded  as  the  corner  stone  of  the  whole  edi- 
fice of  chemistry,  and  A\ogadro's  name  is  forever  inscribed  on  it,  alone. 
Only  the  older  ef  chemists  now  living  remember  when  it  was  called  the 
law  of  Ampire  and  Avogadro.  All  of  us  have  some  knowledge  of  the 
fact  that,  sdthough  published  in  181 1,  it  was  not  generally  accepted  and 
generally  regarded  as  important  till  forty  or  fifty  years  later,  and  that  the 
experimental  explanation  of  apparent  exceptions,  like  that  shown  by 
ammonium  chloride,  needed  even  twenty  years  more.  Nearly  all  of  us 
know  how  the  labors  of  Gerhardt  and'the  voice  of  Cannizzaro  were  most 
influential  in  securing  the  general  adoption  of  the  law  of  Avogadro. 

The  fate  of  the  law  during  the  years  before  1850  or  i860  makes  a  curious 
story.  It  was  published  by  an  Italian  who  was  a  French  subject,  in  a 
French  journal,  •  before  the  great  preeminence  in  chemistry  had  passed 
from  France.  But  a  rediscovery  of  the  law  by  Ampfere  was  published 
in  the  same  journal  within  three  years.  During  the  next  ten  years, 
Avogadro  had  developed  the  consequences  of  his  law  in  four  following 
memoirs,  and  had  arrived  at  formulas  for  many  common  or  important 
compounds  which  agree  with  those  adopted  now.  That  these  were  not 
at  once  adopted  by  other  chemists  in  place  of  those  of  Berzelius  is  not 
strange;  but  when  Gerhardt,  by  the  use  of  other  methods,  had  come  to 
similar  formulas,  and  when  physicists  like  Clausius  bad  accepted  the 
law,  one  could  fairly  presume  that  Avogadro  would  be  honored  for  an 
important  scientific  service.  Yet  the  Italian  physicist  who  wrote  in  the 
Nuovo  Cimento  an  account  of  the  life  and  work  of  Avogadro  at  the  time 
of  his  death  did  not  mention  the  great  law  named  after  him.  When  in 
the  next  year  a  bust  of  Avogadro  was  unveiled  at  the  University  of  "Turin, 
no  chemist  spoke  in  his  honor,  and  the  physicist  who  spoke  did  not  men- 
tion the  law  which  is  his  chief  title  to  remembrance. 

After  1880,  Avogadro 's  law  was  generally  accepted,  but  often  attribu- 
ted to  others.  Wurtz,  in  1864,  named  it  the  law  of  Ampere;  in  1867,  he 
expressly  asserted  "Ampfere  announced  it  first;"  in  1868,  he  named  it 
the  law  of  Avogadro  and  Ampire;  not  till  1879,  did  he  name  it  correctly. 
P.  G.  Tait,  about  1870,  attributed  the  law  to  Gay-Lussac.  Some  Italian 
chemists,  between  i860  and  1875,  attributed  the  law  to  Ampfere  or  to 
Dumas. 

The  law  was  sometimes  misstated,  even  by  eminent  chemists.  Wurtz, 
in  a  lectiure  in  1863,  spoke  of  the  "celebrated  assertion  of  Ampfere  and 
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Berzelius  that  equal  volumes  of  gases  contain  equal  numbers  of  atoms." 
When  the  law  was  rightly  stated,  its  discovery  was  attributed  to  the  study 
by  Avogadro  of  the  compressibility  and  expansion  of  gases,  while  the  dis- 
coverer ascribed  the  discovery  to  the  study  of  Gay-Lussac's  observations 
on  combining  volumes.  Some  eminent  American  chemists  have  fallen 
into  this  error.  It  is  true  that  Dumas,  in  the  well  known  passage  where 
he  expounds  the  law,  mentions  compression  and  expansion,  but  he  has 
in  mind  logical  relations  and  not  a  history  of  origin. 

The  long  neglect  of  the  law  and  of  its  discoverer,  and  the  subsequent 
mistakes  as  to  its  nature  or  its  discoverer,  are  the  occasion  of  an  impor- 
tant chapter  in  Guareschi's  discourse,  entitled  "Avogadro  forgotten." 
In  this  are  discussed  the  reasons  for  such  a  state  of  things.  One  reason 
was,  the  general  failure  to  distinguish  between  atoms  and  molecules. 
Another,  the  fact  that  Avogadro  was  not  known  as  an  experimental 
chemist.  An  important  cause  lay  in  the  political  conditions  of  Italy,  a 
country  which  Lamartine  called  the  land  of  the  dead.  Up  to  the  year 
1840,  against  the  great  names  of  chemists  in  France,  England,  Germany, 
and  Sweden,  Italy  could  set  but  two  names,  those  of  BerthoUet  and  Avo- 
gadro— and  one  of  these  was  drawn  from  Italy  to  Paris.  The  state  of 
the  science  also  delayed  the  appreciation  of  the  law;  both  BerthoUet  and 
Avogadro  opened  paths  from  which  chemists  were  for  a  time  diverted 
by  matters  more  urgent  or  more  immediately  profitable  to  the  science. 

The  discussion  of  these  reasons,  as  well  as  of  six  more  following,  make 
this  chapter  especially  interesting.  Other  chapters  of  especial  interest 
are  those  which  show  how  clearly  Avogadro  conceived  and  explained  the 
distinction  between  atoms  and  molecules,  how  well  he  understood  that 
property  of  atoms  which  we  now  call  equivalence  or  valence,  and  how 
exactly  his  system  of  molecular  formulas  agrees  with  that  used  by  all  of 
us  to-day.  The  book  ought  by  all  means  to  be  accessible  at  every  center 
of  chemical  instruction.  Edward  W.  MorlEy. 

L'Annuaire  du  Bureau  des  Longitudes  pour  I'ann^e  1912.     i6mo.,  750  pages.     Price, 
post-paid  I  fr.,  85  ($0.36).     Paris:  Gauthier-Villars. 

The  volume  contains  324  pages  of  physical  and  chemical  tables,  certainly 
a  great  deal  for  the  money.  There  are  some  glaring  inaccuracies,  and 
very  few  of  the  tables  contain  any  data  determined  within  the  last  ten 
years.  They  may  be  recommended  as  'better  than  none  at  all,'  to  those 
who  have  not  sufficient  money  to  buy  better  ones.  J.  W.  R. 

Physico-chemical    Calculations.     Joseph    Knox.     Methuen    &    Co.,    London,    pp. 
186.     Price,  2S.  6d. 

This  book  is  intended  to  supplement  the  text-books  of  physical  chem- 
istry for  class  use.  It  is  based  upon  Abegg  and  Sackur's  "  Physikalisch- 
Chemische  Rechenaufgaben"  but  in  the  process  of  translation  has  been 
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rearranged  and  much  enlarged.  Each  chapter  has  a  short  mtroduction 
giving  definitions  and  the  more  important  laws  of  physical  chemistry 
expressed  in  mathematical  form  but  not  derived.  This  is  followed  by 
a  few  numerical  problems  (74  altogether)  solved  in  detail  and  a  larger 
number  of  problems  to  be  solved  by  the  student  (291),  the  answer  being 
given  in  each  case.  The  author  states  that  most  of  'the  problems  have 
been  taken  from  the  literature  but  references  are  not  given.  A  knowledge 
of  calculus  is  assumed  but  very  few  of  the  problems  given  require  the  use 
of  calculus.  The  section  on  thermochemistry  would  be  improved  by 
the  inclusion  of  problems  involving  the  influence  of  temperature  on  the 
heat  of  reaction  as  a  function  of  the  heat  capacities  of  the  factors  and 
products.  The  van't  HoflF  equation  (flnK/rfT  =  Q/RT'  is  integrated 
only  on  the  assumption  that  Q  is  independent  of  the  temperature.  The 
resulting  equation  is  used  over  a  temperature  range  of  400^  in  one  case. 
Similarly  the  only  form  of  the  free  energy  equation  given  involves  the 
assumption  that  Q  is  independent  of  temperature.  The  section  of  the 
book  dealing  with  the  solubility  product  should  be  used  with  caution  and 
rewritten  in  later  editions  in  the  light  of  very  recent  work  (Noyes,  Bray, 
Harkins,  et  al.,  This  Journal,  Nov.  and  Dec.,  191 1).  The  book  will 
tmdoubtedly  increase  the  amount  of  problem  solving  done  by  students 
in  courses  in  physical  chemistry  and  therefore  serve  a  valuable  purpose. 

Grinnell  Jones. 

Ma^etochemie:  Beziehungeii  iwlschen  magiietiBchen  Eigenschftften  und  chemischer 
Natur.  Prop.  Dr.  E.  Wbdbkind.  iiopp.  Mit  25  Text-abbildungen.  Berlin: 
Gebnider  Borntr&ger.     191 1.     Price,  4  Marks. 

The  author  has  rendered  a  real  service  to  those  interested  in  magnetism, 
whether  as  physicists  or  chemists,  in  that  he  has  collected  and  coordinated 
a  mass  of  widely  scattered  and  frequently  conflicting  observations.  These 
he  has  systematized  and  arranged  under  the  heads  of  ferromagnetic, 
paramagnetic  and  diamagnetic  materials.  He  discusses  the  relation  of 
the  magnetic  properties  of  the  elements  to  their  atomic  weights  and 
shows  them  to  be  a  periodic  function  of  the  latter. 

The  magnetic  properties  of  the  alloys  of  nonmagnetic  elements,  the 
magnetic  properties  of  compounds  both  inorganic  and  organic,  and  the 
influence  of  both  high  and  low  temperatures  are  discussed. 

There  are  also  presented  an  introductory  chapter  defining  magnetic 
magnitudes  and  a  brief  description  of  methods  of  investigation  and  a 
closing  chapter  on  the  **  Magnetonen "  theory  of  Weiss.  Unfortunately, 
from  the  viewpoint  of  the  writer,  the  author  does  not  introduce  a  chapter 
on  the  chemical  effects  of  magnetism,  references  to  which  are  so  widely 
scattered  through  both  physical  and  chemical  literatiu-e.  A  collection 
of  these  observations  would  make  very  interesting  reading. 

The  author  appends  a  foot-note  to  his  preface  in  which  he  asserts  that 
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he  has  thoroughly  reviewed  the  literature  up  to  October  15,  191 1.  WhUe 
the  text  is  filled  with  references  to  original  literatiu'e  not  one  is  to  an 
American  contribution.  W^ile  the  writer  is  not  in  a  position  to  discuss 
the  merits  of  the  case  he  has  in  his  possession  a  list  of  some  forty-five 
contributions  in  American  journals  some  of  which  are  of  indubitable 
value.  We  fear  the  oversight  is  simply  another,  evidence  of  continental 
provincialism.  H.  G.  Bybrs. 

Analytical  Chemistxy.  Voliuna  n,  Quantitati?«  Analyaii.  By  F.  P.  Trsadwbll. 
Third  English  Edition.  Translated  by  William  T.  Hall.  pp.  xi  +  903,  126 
figures.     191 X.    New  York:  John  Wiley  &  Sons.     Price,  I4.00. 

The  revised  and  enlarged  edition  of  Professor  Treadwell's  admirable 
book  will  certainly  receive  a  hearty  welcome  from  all  chemists.  In  the 
effort  to  prepare  "a  book  which  will  be  useful  to  English-speaking  stu- 
dents" Professor  Hall  has  done  more  than  simply  translate  the  German 
edition. 

The  printing  of  the  text  is  uniformly  well  done,  but  the  same  cannot 
be  said  of  all  the  illastrations.  Only  a  few  typographical  errors  have 
escaped  the  proof-reader,  but  the  form  "different  *****  than"  used 
twice  on  page  538  cannot  be  commended. 

The  book  is  differentiated  from  similar  books  by  the  unusual  amount 
of  detail  regarding  electrolytic  methods  of  analysis  and  especially  by  the 
full  treatment  of  gas  analysis. 

Among  the  later  developments  in  analytical  chemistry  there  is  noted 
the  determination  of  nitric  acid  as  nitron  nitrate,  of  nickel  as  nickel 
glyoxime  and  the  use  of  the  electric  furnace  for  ignition  of  crucible  con- 
tents. A  colored  chart  of  arsenic  standards  accompanies  the  description 
of  Sanger's  method  for  determining  arsenic. 

Physico-chemical  considerations  are  noted  in  the  discussions  of  the 
solubility  product  and  the  distribution  coefSdent.       Chas.  H.  Herty. 

Theorie  ond  Prazia  der  Maassanalyse.  von  Alexandbr  CXassbn.  Leipzig.  191 2. 
pp.  773.    Akademische  Verlagsgesellschaft,  M.  b.  H. 

With  the  object  of  embodying  the  theory  of  a  science  and  its  practical 
application  in  one  production,  Professor  Classen  has  conceived  and  exe- 
cuted a  masterly  piece  of  work.  The  book  is,  however,  more  than  its 
title  claims  it  to  be.  Not  only  are  the  theoretical  principles  underlying 
every  method  illustrated  by  equations  and  explained  by  discussions, 
but  the  history  of  some  of  the  older  methods  is  also  given  and  the  merits 
of  the  various  modifications  they  underwent  critically  and  thoroughly 
discussed.  The  various  theories  advanced  towards  the  explanation  of 
the  role  played  by  catalyzers,  as  for  instance  manganese  sulfate  in  the 
titration  of  iron  with  permanganate  in  the  presence  of  hydrochloric  acid, 
are  quoted  and  the  evidence  for  and  against  them  weighed.     As  an  ex- 
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ample  of  the  fulness  of  the  treatment,  Volhard's  method  for  the  estima- 
tion of  manganese  occupies  twenty-sesren  pages,  the  determination  of 
silver  twenty- two  and  that  of  zinc  eighteen. 

A  point  of  special  merit  in  this  book  is  that  the  reason  for  every  step 
in  an  analysis  is  given.  The  analyst  is  thus  enabled  to  understand  what 
he  is  doing  and  why. 

The  subject  of  standardization  of  solutions  receives  considerable  atten- 
tion, and  much  stress  is  laid  on  the  choosing  of  the  ''primary  substance 
(Ursubstanz)  with  which  solutions  are  to  be  standardized." 

The  book  is  divided  into  five  chapters:  introductory,  alkalimetry  and 
acidimetry,  oxidimetry,  iodometry  and  precipitation  analysis.  The 
introductory  chapter  extends  over  one  hundred  and  seven  pages  and 
deals  with  the  principles  of  volumetric  analysis,  theory  and  descriptions 
of  indicators  and  the  calibration  of  volumetric  apparatus.  The  Kdtts- 
torfer  saponification  and  Reichert-Meisel  numbers  determination  is  found 
in  the  chapter  on  alkalimetry  and  acidimetry,  the  iodine  number  of  oils 
and  fats  under  iodometry  and  hardness  of  water  cmd  the  estimation  of 
reducing  sugars  are  included  in  precipitation  analysis. 

While  methods  for  the  estimation  of  some  of  the  rarer  elements  and 
substances,  such  as  cerium,  thallium,  selenous  and  tellurous  acids,  are 
incorporated  in  this  book,  none  are  given  for  the  technically  important 
met£ds,  lead  and  arsenic.  Of  the  several  excellent  methods  for  the  volu- 
metric determination  of  manganese,  only  Volhard's  is  considered,  the 
others  are  not  even  mentioned. 

By  reason  of  the  method  of  treatment  of  the  subject,  the  reading  of 
this  book,  aside  from  being  profitable,  is,  unlike  that  of  most  text-books, 
very  enjoyable.  We  are  sure  that  the  volume  will  be  welcomed  by  the 
student  of  chemistry  as  well  as  by  the  practical  chemist.         J.  Rosin. 

The  Identification  of  Organic  Compounds.  By  G.  B.  Nbavb,  M.A.,  D.S.C.,  and  I.  M. 
Hbilbron,  Ph.D.,  Lecturers  and  Demonstrators,  Department  of  Chemistry,  Glas- 
gow and  West  of  Scotland  Technical  College.  103  +  viii  pp.  New  York:  D. 
Van  Nostrand  Company.    Price,  1 1.2 5. 

The  authors  have  attempted  in  this  volume  to  bring  together  in  a 
convenient  form  the  principal  reactions  and  physical  constants  of  the 
most  important  organic  substances,  in  such  a  way  that  by  the  use  of  it  the 
identification  of  simple  organic  compounds  may  be  easily  accomplished. 
It  is  presumed  that  students  in  a  course  on  the  identification  of  organic 
substances  are  already  somewhat  experienced  in  organic  chemistry. 

The  book  is  divided  into  thirty-four  "sections."  The  first  gives  cer- 
tain preliminary  tests,  the  second  the  tests  for  the  elements,  the  third 
takes  up  various  "group  reactions,"  such  as  the  test  for  an  aldehyde, 
amino  group,  etc.,  then  follow  sections  on  hydrocarbons,  alcohols, 
ethers,  and  so  on,  the  most  important  organic  groups  each  occupying  a 
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section.  In  each  section  are  included  the  general  properties  and  principal 
reactions  of  the  group  under  consideration,  together  with  a  list  of  the 
more  important  members.  For  example,  Section  XXI  deals  with  amines. 
The  general  properties  are  given,  then  the  action  of  nitrous  acid.  A  list 
of  twelve  aliphatic  amines  follows,  but  merely  the  formulas  and  melting 
points  or  boiling  points  are  appended.  Next,  aromatic  amines  are  con- 
sidered, the  tests  explained,  and  a  list  of  seventeen  members  briefly  de- 
scribed. Finally  eight  halogen  amines  (such  as  o-chloraniline)  are 
mentioned,  the  melting  point  of  the  amine  itself  and  of  its  acetyl  com- 
pound being  given  in  each  case.  This  section  is  fairly  representative. 
Some  students  may  find  this  book  useful,  but  the  reviewer  is  of  the 
opinion  that  the  identification  of  organic  substances  is  not  a  simple  enough 
affair  to  permit  of  adequate  treatment  in  a  book  of  this  size. 

Latham  Clarke. 

A  Text- Book  of  Physiological  ChemiBtiy.  By  Olof  Hammarstbn.  Authorized 
Translation  from  the  Author's  Enlarged  and  Revised  Seventh  German  Edition. 
By  John  A.  Mandel.  Sixth  Edition.  New  York:  John  Wiley  &  Sons.  Price, 
$4.00  net. 

This  standard  book  has  been  enlarged  and  changed  rather  more  than 
in  previous  editions.     A  new  chapter  from  the  pen   of  S.  G.  Hedin  on 
Physical  Chemistry  in  Biology  has  been  added,  deaJing  with  osmotic 
pressure,  colloids,  catalysis,  enzymes,  ions  and  salt  action.     Its  intro- 
duction has  necessitated  extensive  rearrangements.     The  (ftapter  on  the 
Animal  Cell  of  the  previous  edition  has  been  eliminated  while\its  subject 
matter  has  been  distributed.     Thus  the  nucleic  acids,  the  piurine  and 
pyrimidine  bases  are  treated  with  the  nucleoproteins,  and  thie  lipoids 
with  the  fats.    The  result  is  not  merely  to  systematize  the  mat^ial  but 
vastly  to  increase  the  readability.     Many  of  the  chapters  have\^been 
extensively  rewritten  so  that  very  little  important  new  work  renijiains 
unconsidered.    This  is  particularly  noticeable  in  the  treatment  of  \pro- 
teins  and  of  absorption.     Not  merely  have  well  established  new  facts 
been  incorporated  but  often  hypotheses  still  under  discussion  have  bctn 
treated  in  an  objective  and  judicial  way  that  is  most  illuminating.     Soi^J 
subjects,  however,  are  declared  not  yet  ripe  for  discussion.     This  is 
matter  for  regret  since  the  author  has  the  gift  of  clarifying  such  subject 
by  impartial  discussion.    As  the  result  of  the  present  great  activity   3 
biochemistry  the  volume  has  again  grown  in  size  by  more  than  one  hux 
dred  pages,  and  has  thus  developed  into  a  book  of  the  greatest  usefulnes 
to  the  advanced  student  although  it  has,  perhaps,  become  too  large  ar 
detailed  to  serve  as  an  introduction  to  the  subject. 

Carl  L.  Ai^sbbrg. 
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OH  THE  DENSITY  OF  SOLID  SUBSTAKCES  WITH  ESPECIAL  REFER- 
ENCE TO  PERMANENT  CHANGES  PRODUCED 

BY  HIGH  PRESSURES. 

By  John  Johnston  and  L.  H.  Adams. 
Received  March  7,  1912. 

To  many  it  may  seem  that  a  paper  at  this  time  on  the  density  of  solids 
is  superfluous,  in  view  of  the  large  amount  of  work  which  has  been  done 
on  this  subject  heretofore.  But  any  one  who  studies  the  voluminous 
literature  pertaining  to  the  subject  will  find  that  our  knowledge  of  the 
true  specific  gravity  of  many  pure  solid  substances  is  still  far  from  satis- 
factory; for  the  reason,  namely,  that  the  density  of  a  solid  is  really  much 
more  an  individual  property  of  the  particular  sample  of  material  used 
than  a  general  property  of  the  chemical  substance.  This  is  especially 
evident  from  the  work  of  Kahlbaum,  Roth  and  Siedler^  on  the  specific 
gravities  of  certain  metals.  As  an  example,  we  may  take  copper,  for 
which  in  the  tables  of  Landolt-Bdmstein-Meyerhoflfer,  we  find  the  fol- 
lowing densities  given: 

Copper,  cast density  ^  8.300-8.921 

Copper,  wire 8 .930-8 .949 

Copper,  hammered 8.919-8.959 

Copper,  electrolytic 8 .  884-8 .952 

with  a  general  mean  value  of  8.933.  Now  the  very  careful  determinations 
of  Kahlbaum  gave  for  pure  distilled  copper  the  value  8.9326,  which  after 
pressing  to  10,000  atmospheres  for  11  hours  had  increased  to  8.9377; 
which,  in  turn,  diminished  again  to  8.9317  after  i  hour  at  20,000  atmos- 
pheres pressure.  From  the  foregoing,  it  is  evident  that  the  density  of  a 
substance  so  common  as  metallic  copper  is  known  only  to  the  second 

'  Z.  anorg.  Ckem,^  29,   197,  et  seq,  (1902);  Verhandlungen  der  Naturforsch.  Ges. 
Basel,  I5f  9  (1903). 
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decimal  place,  at  most,  and  that  our  knowledge  of  the  density  of  the 
element  copper  is  still  less  certain. 

The  above  divergence  is  without  doubt  due  to  differences  in  the  mo- 
lecular configm^ation  of  the  metal  as  a  whole;  for  example,  to  the  presence 
in  varying  amoimt  of  some  form  differing  from  the  usual.  The  un- 
certainty due  to  this  cause  can  be  excluded  by  studying  the  after-effects 
of  various  factors  on  substances  which  crystallize  well  and  without  in- 
clusions, and  do  not  readily  yield  an  amorphous  or  allotropic  «iodifica- 
tion.  Salts  fulfil  many  of  these  conditions,  and  possess  the  fm-ther  ad- 
vantage that  direct  microscopic  observation  is  a  certain  criterion  of  the 
actual  homogeneity  of  the  crystals.  Such  microscopic  examination  is 
necessary;  for,  as  Retgers^  showed,  there  are  outstanding  differences  be- 
tween the  recorded  values  of  the  density  of  salts,  which,  while  doubtless 
attributable  in  part  to  faulty  experiment,  result  in  the  main  from  a  lack 
of  homogeneity  of  the  material;  that  is,  the  differences  found  are  due 
to  the  occurrence  in  the  material  of  inclusions  or  of  vacuoles  in  varjring 
amount. 

In  view  of  these  facts  it  was  decided  to  test  the  after-effect  of  high 
presstu-es  on  the  densities  of  some  well  defined  crystallin  substances. 
Since,  however,  one  effect  of  very  high  pressures  in  some  cases  is  a  partial 
comminution  of  the  material,  it  was  necessary  to  ascertain  if  a  change 
in  density  follows  the  reduction  of  a  substance  to  powder,  especially  as 
contradictory  statements  with  reference  to  this  question  appear  in  the 
literattu-e. 

In  the  present  paper  we  propose  to  discuss  the  effect  of  various  factors 
upon  the  density  of  solids.  Much  of  the  material  presented  has  been 
derived  from  the  somewhat  scattered  papers  referred  to  Ln  the  text: 
our  excuse  for  recapitulating  it  here  is  that  many  of  the  facts  observed 
and  the  permissible  conclusions  to  be  drawn  from  them  are  apparently 
by  no  means  generally  known.  Before  proceeding  to  treat  of  the  factors 
which  may  influence  the  real  or  apparent  density  of  a  solid,  it  is  advisable 
to  discuss  the  methods  by  means  of  which  accurate  determinations  of  the 
density  of  a  solid  may  be  made. 

The  Methods  for  the  Determination  of  the  Density  of  Solid  Substances. 

The  more  important  of  these  are  five  in  number:  (i)  the  volumetric 
method;  (2)  by  means  of  the  volumenometer;  (3)  the  flotation  method; 
(4)  by  the  method  of  Archimedes;  (5)  by  means  of  the  pyknometer. 

(i)  The  volumetric  method,  as  its  name  implies,  consists  in  determin- 
ing by  direct  measurement  the  volume  of  a  definit  weight  of  material ; 
but,  owing  to  the  difficulty  of  obtaining  sufficiently  perfect  geometrical 
forms,  this  method  is  not  applicable  where  the  highest  accuracy  is  desired. 

'  J.  W.  Retgers,  "Determination  of  the  Specific  Gravity  of  Salts  Soluble  in  Water,'* 
Z.  physik.  Chem.,  3,  289  (1889). 
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(2)  As  regards  the  use  of  the  volumenometer  for  determining  the 
volume  and  hence  the  density  of  a  substance,  several  types  of  instrument 
have  been  described,  but  none  of  them  are  accurate  to  better  than  0.1%, 
and  accordingly  are  insufficient  for  the  purposes  of  the  present  investiga- 
tion. We  have  constructed  a  modified  type  of  the  volumenometer  de- 
scribed by  A.  Lo  Surdo/  the  accuracy  of  which,  we  had  hoped,  would 
be  one  part  in  10,000.  This  accuracy  we  have  so  far  been  unable  to  at- 
tain; but  until  certain  minor  changes  in  the  apparatus  have  been  made, 
it  will  be  impossible  to  make  a  definit  report  as  to  the  precision  attainable 
with  this  form  of  instrument. 

(3}  The  flotation  method  possesses  certain  advantages,  especially 
for  the  mineralogist,  since  a  small  fragment  of  material  suffices,  and  the 
determination  takes  only  a  short  time;  on  the  other  hand  its  applicability 
is  limited  by  the  lack  of  transparent  liquids  of  sufficient  density.  In 
this  method  a  heavy  liquid  is  diluted  with  a  lighter  liquid  imtil  a  small 
piece  of  the  substance  to  be  investigated  remains  suspended  in  the  liquid. 
The  density  of  the  solid  is  then,  of  course,  equal  to  that  of  the  liquid, 
which  is  obtained  by  means  of  the  Westphal  balance  or  by  any  other 
appropriate  method.' 

(4)  The  method  of  Archimedes  is  well  known.  The  most  serious 
source  of  error  is  that  caused  by  the  action  on  the  suspending  wire  of 
stuiace  tension  at  the  upper  boundary  of  the  liquid.  This  effect  can  be 
made  very  small,  however,  by  using  an  extremely  fine  platinum  wire 
previously  coated  with  platinum  black.'  For  metals  or  other  materials, 
which  may  be  put  in  compact  form,  this  is  perhaps  the  most  accurate 
method  of  density  determination.  With  a  weight  of  metal  of  50  grams, 
the  error  should  not  exceed  2  or  3  parts  in  100,000,  if  attention  is  paid 
to  the  temperattu'e  of  the  liquid. 

(5)  The  principle  of  the  pyknometer  method  is  so  well  known  that  no 
description  is  required.  It  has  at  various  times  been  proposed  to  use, 
as  the  pyknometer  liquid,  substances  or  solutions  of  high  density  in  place 
of  water  in  order  to  increase  the  acciu'acy  of  the  results.  Among  the 
better  known  of  the  liquids  which  have  been  suggested  are  thallium 
ethylate,  solutions  of  various  borotungstates  and  a  solution  of  the  double 
iodide  of  merciuy  and  potassium.  It  has  however  been  pointed  out* 
that  there  is  some  important  objection  to  the  use  of  each  of  these  as  a 

^  Sci,  Abstr.t  xOt  2  (1907);  from  Nuovo  CimerUo,  12,  41  (1906). 

'  See  for  instance  Merwin,  Am.  J.  Set,,  32,  435  (1911).  Also  Andreae  (Z.  physik. 
Chem,,  761  491  (191 1)},  who  by  the  use  of  a  dilatometer  is  able  to  obtain  results  of  a 
higji  order  of  accuracy. 

'  Of.  Elohlrausch,  Prakiische  Physik^  11  Aufl.,  p.  40. 

*  Elahlbaum,  Roth  and  Siedler,  Z.  anorg.  Chem,,  29,  197-224  (1902).  The  reader, 
desirous  of  a  full  discussion  of  the  accuracy  of  the  various  methods,  is  referred  to  this 
paper,  and  to  a  paper  by  J.  W.  Retgers,  Z.  physik.  Chem.,  3,  289  (1889). 
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pyknometer  liquid,  particularly  so  when  used  with  metals.  For  salts 
or  any  substances  soluble  in  water  where  the  use  of  water  is  precluded, 
xylene  is  a  very  suitable  liquid.  It  possesses  the  advantage  that  air 
bubbles  are  very  easily  removed  from  it;  and  while  its  rate  of  evaporation 
is  greater  than  that  of  water,  no  serious  error  from  this  source  need  be 
apprehended. 

In  general  the  pyknometer  method  (using  water  or  xylene  as  the  liquid) 
or  the  method  of  Archimedes  is  the  most  suitable  for  accurate  work; 
we  accordingly  made  use  of  these  methods,  the  former  for  salts  and  other 
fragmentary  material,  the  latter  for  metals.  With  the  method  of  Archi- 
medes, the  temperature  of  the  liquid  was  read  to  o.  i  °  in  order  to  calculate 
the  true  density  of  the  substance. 

Determinations  by  the  pyknometer  method  were  made  according  to 
the  procedtire  recommended  by  Day  and  Allen*  except  that  the  later 
meastirements  were  made  with  a  new  type  of  pyknometer  bottle,  which 
was  devised  to  obviate  certain  difficulties  incident  to  the  use  (especially 
in  the  case  of  fine  powders)  of  the  usual  type  of  bottle  with  tapered  stopper. 
This  type  has  been  found  so  satisfactory  in  every  respect  that  in  all  the 
later  experiments  we  have  used  it  altogether,  for  coarse  as  well  as  for  fine 
powders. 

An  Improved  Form  of  Pyknometer  for  the  Density  of  Solid  Substances. 

The  essential  featiu*e  of  this  new  form,  which  is  illustrated  in  Fig.  i, 
is  the  plane  ground  joint,  between  stopper  and  bottle.  The  neck  is  made 
fairly  thick,  partly  for  the  sake  of  strength,  partly  so  as  to  minimize  heat 
transfer  when  the  bottle  is  held  by  the  neck  between  the  fingers.  The 
two  stufaces  making  up  the  ground  joint  should  be  optically  flat,  but  not 
necessarily  highly  polished.  Considerable  care  should  therefore  be 
exercised  in  grinding  them  properly,  as  the  success  or  failure  of  the  bottle 
depends  upon  the  excellence  of  the  joint.  As  a  criterion  of  the  quality 
of  the  joint,  the  stopper  should  be  pressed  forcibly  on  to  the  bottle  with  a 
slight  rotary  motion;  if  the  grinding  has  been  sufficiently  well  done,  the 
bottle  may  be  lifted  by  the  stopper.  In  making  this  test  the  stopper 
should  be  dry,  that  is  without  grease  or  lubrication  of  any  kind.  Another 
requisit  of  success  is  that  the  pyknometer  should  be  made  in  such  a 
manner  that  no  deep  groove  exists  at  A  (see  figure),'  or  indeed  that  there 
be  no  recess  from  which  excess  of  water  cannot  readily  be  wiped  away. 

Pyknometers  of  this  form  have  the  following  important  advantages: 

^Publication  No.  31,  Carnegie  Institution  of  Washington,  p.  55;  Am,  /.  Sci.^ 
[4]  19,  93  (1905);  Z.  physik.  Chem.,  54,  i  (1905);  or  see  W.  F.  Hillebrand,  U.  S.  G.  S. 
Bulletin,  422,  p.  48. 

•  The  bottles,  which  were  made  for  us  by  the  Bmil  Greiner  Company,  New  York, 
were  not  entirely  satisfactory  as  regards  the  grinding  or  freedom  from  grooves  at  the 
place  indicated.  However,  by  selecting  two  or  three  of  the  better  ones,  and  grinding 
"^sn  further  ourselves,  we  were  able  to  obtain  satisfactory  results. 
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(i)  The  loss  in  weight  by  evaporation  of  the  pyknometer  liquid  is-negUgi- 

ble  (for  water  it  is  of  the  order  of  i  mg.  in  24  hours).     The  pyknometer 

may  therefore  be  allowed  to  stand  in  the  balance  case 

until  temperature  and  moisture  equilibrium  is  attained 

before  it  is  weighed.     (2)  No  grease  or  other  lubricant 

is  required  on  the  joint;  hence  this  obviates  the  im- 

certainty  as  to  the  weight  of  a  variable,  though  small, 

amount  of  such  grease.     {3)    Any  small   particles  of 

grit  or  dirt  which  may  accidentally  lodge  on  the  ground 

surfaces  can  be  quickly  and  easily  wiped  off. 

For  these  reasons  this  new  type  of  pyknometer  bottle 
gives  considerably   greater  accuracy  than  the  older 
forms;  moreover,  after  very  little  practice  its  manipu- 
lation is  quite  as  simple  as  with   the   older  forms. 
After  a  few  preliminary  trials  we  were  able  to  make 
successive  fillings  and  weighings,  both  with  water  alone 
and  with  the  sample  plus  water,  which  did  not  differ 
by  more  than  0.2  mg.     This  is  illustrated  by  the  follow- 
ing records,  which  are  part  of  the  results  of  an  actual 
determination  of  the  density  of  ground  quartz  which 
passed  through  a  "200-mesh"  sieve:  weight  of  pyknom- 
eter  filled  with  water  at  25°,  29.6111  grams;  after  refill-  form^o/pylSo meter 
ing,  29.6112;  weight  of  pyknometer  and  quartz  filled  '•"ttle. 
up  with  water  at  25°,  34.1957  grams;  after  refilling,  34-1957;  after  stand- 
ing 1 8  hours  in  balance  case,  34. 1953. 

In  order  to  secure  good  results  with  this  form  of  pyknometer  it  is  highly 
important  that  attention  be  paid  to  the  following  details  of  manipulation: 
the  loosely- stoppered  bottle  is  immersed  in  a  thermostat,  the  temperature 
of  which  should  be  constant  to  0.01°,  to  such  a  depth  that  the  water- 
level  b  2  or  3  mm.  below  the  ground  joint,  and  is  allowed  to  remain  at 
least  fifteen  minutes.  Enough  distilled  water  at  the  temperature  of  the 
thermostat  is  then  poured  into  the  bottle  to  fill  it  to  overflowing  (less  than 
I  cc.  will  usually  be  required).  The  neck  of  the  pyknometer  is  then  held 
firmly  with  one  hand  while  with  the  other  the  stopper  is  pushed  on  firmly 
with  a  sliding  and  slightly  rotary  motion.  While  the  pressure  is  still 
being  maintained'  the  pyknometer  is  removed  from  the  thermostat  and 
wiped  dry  around  the  stopper  with  a  soft  cloth.  The  bottle  may  then  be 
grasped  by  the  neck  and  the  wiping  completed.  It  is  advisable  as  a 
precaution  to  pass  the  comer  of  a  piece  of  filter  paper  around  the  stopper 
'  The  puipose  of  this  is  to  prevent  the  occurrence  of  a  slight  leai  which  may  be 
cansed  by  the  apparent  expansion  of  the  liquid  when  the  bottle  is  removed  from  the 
thermostat;  this  apparent  expansion  is  due  to  the  fact  that  under  these  circmnstances 
the  bottle  cools  slightly  and  contracts,  while  the  temperature  of  the  water  remains 
practicaltj  unchanged. 
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and  top  of  the  pyknometer  in  order  to  remove  any  drops  of  water  which 
may  adhere.  After  standing  ten  minutes  (or  more)  m  the  balance  case, 
the  pyknometer  is  ready  to  weigh.  ^  Great  care  should  be  taken  not  to 
heat  it  by  the  hand,  or  otherwise,  while  it  is  being  wiped  and  removed 
to  the  balance  case.  If  these  directions  are  followed  the  stopper  will 
adhere  firmly  and  not  fall  off  even  if  the  bottle  is  turned  upside  down. 

The  Correction  of  Densities  to  Vacuum. 
To  all  determinations  of  density  which  purport  to  be  accurate  a  correc- 
tion for  the  buoyancy  of  the  air  must  be  applied.  The  error  due  to  this 
cause  can  be  eliminated  by  making  separate  corrections  on  each  of  the 
weights  involved  in  the  determination;  but  it  is  much  easier,  and  less 
liable  to  error,  to  make  the  correction  to  vacuum  in  one  operation.  This 
may  be  done  by  means  of  the  formula  given  below,  or  by  reference  to 
Table  I;  these  results  are  applicable  to  any  method  in  which  density  is 
measured  by  finding  the  weight  of  a  certain  liquid  displaced  by  a  given 
weight  of  the  substance. 
'  If  J  is  the  density  of  the  substance  as  calculated  from  the  uncorrected 
weights,  S  its  true  density,  and  L  the  true  density  of  the  liquid,  then 
it  can  be  shown  that  the  vacuum  correction  to  be  applied  to  the  imcorrec- 
ted  density,  j,  is  0.0012  (i  —  s/L).^ 

The  values  of  0.0012  (i  —  s/L)  for  densities  up  to  20  and  for  liquids 
of  density  i  (water),*  0.852  (xylene),  and  13.55  (mercury)  are  given  in 
Table  I. 

'  It  is,  of  courqe,  advisable  to  use  a  counterpoise. 
'  Let  s  »  density  of  substance  calculated  from  uncorrected  weights 
5  —  true  density  of  substance 
L  -■  true  density  of  liquid 
Ws  *  uncorrected  weight  of  substance 
Wi  «  uncorrected  weight  of  liquid  displaced  by  substance 
Then  by  definition,  s  -   LW'/Wi,  (i) 

Assuming  I>  to  be  the  density  of  the  balance  weights,  W,{i  +  o.ooi2(i/S  +  i/D)) 
and  Wi{i  +  o.ooi2(i/L  +  i/D))  are  the  true  weights  of  the  substance  and  liquid  re- 
spectively (assuming  that  the  weighings  are  made  under  normal  atmospheric  correc- 
tions, so  that  the  weight  of  i  cc.  of  air  is  0.0013  gram). 

Then  the  true  density  S  *» : L, 

inen  luc  ixuc  acns  ujr  ^^^^  ^  o.0012(l/L  +  l/D)] 

But  from  (i)  W/jWi  —  s/L,    Substituting  this  in  the  above  we  obtain  ultimately, 

J  +  0.0012  , 

5  -  •- U 

L  +  0.0012 

O.OOI2(L —  s)  .  ^ 

Then  the  correction,  S  —  j  —  — — ; (2) 

L  +  0.0012 

Since  L  is  always  large  as  compared  with  0.0012  the  denominator  of  the  above 
expression  may  be  taken  as  equal  to  Z.,  making 

S  —  f  «  0.0012  (i  —  s/L), 
'  A  table  of  the  corrections  when  using  water  is  given  in  Ostwald's  Lehrhuck  der 
AUgemeinen  Chemie,  2  Aufl.,  I,  p.  285 ;  but  the  sign  of  tlw  correction  as  given  there  is 
^g. 
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It  is  to  be  noted  that  when  the  density  of  the  substance  is  greater 
than  that  of  the  liquid  (as  is  usually  the  case)  the  true  density  is  smaller 
than  the  apparent  or  uncorrected  density.  In  other  words,  the  correction 
is  negative  and  is  therefore  to  be  subtracted  from  the  apparent  density. 
All  of  the  original  results  given  in  this  paper  have  been  corrected  in  this 
manner  for  the  buoyancy  of  the  air. 

Tablb  I. — ^Vacuum  Corrections  for  Density  (Cor.  —0.0012  (i  —  s/L)), 


Density 

off  flttbstanoe 

(x). 


Correction: 

density  off 

liquid  -  1  (HsO). 


0.8 +0.00024 

0.9 +0.00012 


I. 

2. 

3- 
4. 

5- 
6. 

7- 
8. 

9- 
10. 

II. 

12. 

13 

14. 

15- 
16. 

17- 
18. 

19- 
20. 


0.0000 
.0012 
.0024 
.0036 
.0048 
.0060 
.0072 
.0084 
.0096 
.0108 
.0120 
.0132 
.0144 
.0156 
.0168 
.0180 
.0192 
.0204 
.0216 
.0228 


Correction: 
density  of  liquid 
—  0.852  (xylene). 


.0002 
.0016 
.0030 
.0044 
.0058 
.0073 
.0087 
.0101 
.0115 
.0129 


Correction: 

density  of  liquid 

-  13.55  (Hg). 


+  O.OOII 
+0.0010 
+0.0009 
+  0.0008 
+0.0008 
+  0.0007 
+0.0006 
+  0.0005 
+  0.0004 
+0.0003 
+0.0002 
+0.0001 
0.0000 
0.0000 
i.OOOI 
.0002 
.0003 
.0004 
.0005 
1.0006 


Effect  of  Powdering  a  Solid  upon  its  Density. 

More  than  a  century  ago,  Hassenfratz*  published  a  paper  in  which  he 
claims  that  by  breaking  up  a  piece  of  glass  weighing  about  50  grams  into 
2520  pieces,*  a  change  in  density  ensued;  but  his  experiments  are  in  part 
discordant  among  themselves  and  are  by  no  means  accurate  enough  to 
decide  the  point  at  issue.  His  work  may  therefore  be  left  out  of  account 
entirely;  it  has  been  mentioned  here  solely  because  its  conclusions  have 
been  quoted  occasionally. 

The  second  paper,  in  point  of  time,  dealing  with  this  question,  is  one 
by  G.  Rose;*  it  deserves  mention  if  for  no  other  reason  because  it  has 
been  widely  cited  and  frequently  by  authors  who  apparently  have  not 
read  through  the  original.     Rose  worked,  on  the  one  hand,  with  gold 

*  Gilbert's  Ann.,  i,  369  (1799);  Ann.  chim.  (Paris),  No.  77,  188  (An  6). 
'  How  this  was  accomplished  without  loss  of  material  is  not  stated. 

•  Pogg.  Ann.,  73,  I  (1848). 
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and  silver  in  the  massive  state,  and  with  natural  barite;  on  the  other  hand, 
with  powders  produced  by  precipitating  these  substances  by  chemical 
agency;  and  he  found  that  in  each  case  the  density  of  the  powder  was  the 
greater.  He  is  careful  to  state,  however,  that  this  is  no  absolute  proof 
that  the  density  of  a  substance  in  a  powdered  condition  is  greater  than 
that  of  a  block  of  the  same  substance,  since  we  cannot  be  sure  of  the 
complete  identity  of  the  substance  in  the  two  forms.  Indeed,  we  now 
know  that  in  very  many  cases  the  form  of  a  substance  when  precipitated 
is  different  from  that  observed  in  nature  or  obtained  by  fusion.  Rose's 
work,  therefore,  affords  no  information  on  the  influence  of  the  state  of 
division  of  a  substance  on  its  specific  gravity. 

The  Earl  of  Berkeley^  has  measured  carefully  the  densities  of  two  sizes 
of  fragments  of  natural  barium  sulfate.  For  particles  remaining  on  a 
sieve,  the  openings  of  which  were  0.57  mm.  on  a  side,  he  finds  a  density 
which  averages  4.4702,  while  that  of  particles  remaining  on  a  sieve  with 
0.35  mm.  openings  averages  4.4700.  The  difference  between  the  two 
densities  is  less  than  0.005%— within  the  error  of  experiment.  The 
diflFerence  between  the  sizes  of  the  particles  in  the  two  cases,  however, 
is  so  comparatively  small  that  the  evidence  here  adduced  is  insufficient 
to  decide  the  point  at  issue. 

It  may  be  noted,  in  passing,  that  the  above  work  of  Rose  has  been 
cited^  in  support  of  an  observation  of  Spring,'  according  to  which  the 
amount  of  water  required  to  fill  the  spaces  of  a  given  mass  of  sand  is 
greater  than  would  be  expected  if  it  were  merely  a  phenomenon  of  occupy- 
ing the  air  spaces.  Spring's  experimental  work  on  this  point  is  altogether 
insufficient  to  decide  the  question;  his  conclusion  is  based  on  the  assump- 
tion that  26%  of  the  total  volume  occupied  by  the  sand  consists  of  air 
spaces;  even  then  the  difference  observed  was  only  0.8  cc.,  or  but  0.25% 
of  the  total  volume  of  the  sand.  In  what  follows  it  will  be  shown  directly 
that  this  conclusion  is  false,  since  the  density  of  solid  substances,  deter- 
mined by  the  pyknometer,  is  found  to  be  independent  of  the  size  of  the 
particles,  so  long  as  these  are  strictly  homogeneous,  or  even  to  show  a 
slight  decrease  as  the  size  of  particle  decreases;  whereas,  according  to 
Spring's  conclusion,  the  density  should  increase  as  the  size  of  the  particles 
decreases.  A  number  of  other  early  papers  are  cited  by  Spring  in  his 
first  paper*  dealing  with  the  change  of  densities  of  solids;  these  are  all, 
however,  concerned  with  changes  of  density  produced  by  crystallization, 
vitrification,  by  tempering,  hammering  or  annealing,  and  will  be  con- 
sidered later. 

*  J,  Chem.  Soc.f  91,  60  (1907). 

'  Cameron  and  Bell,  BuU.  30,  Bureau  of  Soils,  Department  of  Agriculture,  p.  43 

(1905). 

*  Mhnoires  Soc.  GeoL  Belg.^  17,  13-33  (iQOS)- 

*  BuU.  Acad.  Roy.  Belg.,  [3]  6,  507  (1883). 
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Our  experiments  were  made  with  quartz  and  potassium  sulfate.  The 
material  was  passed  through  a  series  of  sieves,  rated  as  40,  60,  80,  100, 
120,  150,  and  200  meshes  to  the  linear  inch;  the  various  samples  were 
collected  and  dried  at  200^  for  half  an  hour.^  The  earlier  determinations 
of  densities  were  made  with  the  old  style  of  pyknometer;  the  later 
ones  with  the  new  style  described  above.  The  liquids  used  were  water 
and  xylene,'  the  latter  being  used  exclusively  with  the  salts. 

Tablb  II.— <ij^  OF  K^4  Particlss  of  Various  Sizbs. 

Old  Style  Pyknometer,  rfj**. 

Between  40  and  60  mesh I   ' ,^'* 

Between  100  and  120  mesh 3 .656, 

Finer  than  200  mesh 2 .6561 

The  results  with  potassium  sulfate  are  brought  together  in  Table  II, 
which  shows  that  the  difference  in  density  between  the  fine  and  the 
coarse  powder  is  here  scarcely,  greater  than  the  error  of  experiment.  A 
microscopical  examination  of  the  potassium  sulfate  showed  that  the 
crystals  were  free  from  inclusions  or  inhomogeneities  of  any  kind. 

For  quartz  the  results  shown  in  Table  III  were  obtained.  In  this 
table  each  value  of  density  represents  a  determination  on  a  separate 
sample  of  material.  It  will  be  noted  that  with  increasing  fineness,  the 
density  increases  by  a  small  but  definit  amount  reaching  a  maximum 
with  particles  0.05  mm.  in  diameter  (200  ^4)  and  then  decreasing  in  the 
case  of  the  very  finest  material  (200  B). 

This  seemed  difficult  to  account  for  until  we  discovered  that,  although 
a  previous  microscopical  examination  of  one  lot  of  ground  quartz  indicated 
that  it  was  quite  homogeneous,  nevertheless  the  coarser  particles  of  the 
lot  from  which  our  samples  were  taken  contained  a  number  of  minute 
gaseous  and  solid  inclusions; 'the  finer  particles  (200  4),  however,  were 
almost  entirely  free  from  such  inclusions.  This  fact  accounts  for  the 
greater  density  of  the  200  A.  It  is  of  interest  to  note  in  this  connection 
that  H.  E.  Merwin*  found  the  density  of  a  number  of  fragments  of  clear 
quartz  from  different  localities  to  be  2.6495  ^t  20°.  Correcting  the 
density  to  25***  it  becomes  2.6490 — almost  identical  with  the  density  of 
the  200  A  material.  This  shows  with  great  certainty  that  there  is  no 
difference  in  density  between  fragments  of  quartz  i  cm.  in  diameter 
and  particles  0.05  mm.  in  diameter. 

^  Special  experiments  showed  that  the  density  of  even  the  finest  material  was  not 
appreciably  affected  by  exposme  to  the  air  for  48  horn's. 

»  For  which  df  «  0.85262. 

'  Loc.  cit. 

*  See  SmUihsonukn  Physical  TcUtles,  215-216  (1904). 
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Between  40 

and  60  mesh. 

2.648, 

2.645» 

2-645e 

2.647, 

2.646a 

2.647i 

Between  100 
and  120  mesh. 


646, 


Table  III. — J?  ot  Quartz  Particuss  of  Various  Sizbs. 

Old  Style  Pyknomeler, 

Finer  than 
200  mesh. 

2.649, 

2.648, 

2.6469 

2.647, 

2.648^ 

2.6494 

2.648, 

2.646, 


Average....  2.646, 


2.646, 

New  Style  Pyknameter. 


a. 6480 


Between  40 
and  60  mesh. 

2.6471 

2.6469 

. .  •  • 
.  • .  • 

Between  80 
and  100  mesh. 

2.6478 
2.6476 

.  • .  • 

.  • .  • 

Finer  than 
200  mesh. 

2.6488 

2.6477 
2.6483 
2.6481 

200il.i 
2.6492 
t.6486 

•  •   •    ■ 

•  •   a   • 

200  B.i 
2.6483 
2.6477 


2.6470 


2.6477 


2.6482 


2.6489 


2.6480 


With  potassium  chloride,  the  crystals  of  which  contain  a  considerable 
number  of  holes,  the  density  of  the  fine  powder  is  considerably  higher 
than  that  of  the  coarse  material,  as  the  following  results  indicate : 

Tabls  IV.—^  of  KQ  Particlbs  of  Various  Sizbs. 

Old  Style  Pyknometer, 


With  sifted 
samples. 

Between  20  and  40  mesh i  .978, 

Between  80  and  100  mesh i  .982, 

Between  100  and  120  mesh i  .9837 

Between  150  and  200  mesh 1*984] 


With  fffoand  and 
sifted  samples. 


I.98I8 
1.982, 


It  may  be  remarked  that  the  density  of  the  finest  product  was  the  same 
independently  of  whether  it  had  been  obtained  by  simply  separating  the 
fine  crystals  originally  present  or  by  grinding  up  some  of  the  material  of 
size  between  20  and  40  mesh  and  subsequently  sizing  it  between  the  150 
and  200-mesh  sieves.  These  experiments  suflSce  to  show  that  when 
homogeneous  material,  free  from  cracks  or  holes,  is  powdered,  the  change 
of  density  thereby  produced  is  but  little  greater  than  the  error  of  the 
method  employed.     It  may  be  noted,  however,  that  the  change,  if  real, 

1  A  quantity  of  the  powdered  quartz  which  passed  through  a  200-mesh  sieve  was 
separated  by  a  process  of  sedimentation  into  two  nearly  equal  fractions.  The  coarser 
fraction  (200  A),  as  seen  under  the  microscope,  consisted  of  sharp  grains  very  tmiform 
in  size,  namely  about  0.05  mm.  across.  The  finer  material  (200  B)  was  composed  of 
particles,  the  size  of  which  ranged  from  0.02  mm.  on  down  to  the  limit  of  vision  of  the 
microscope  and  probably  beyond  it. 
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is  in  both  cases  a  decrease;  and  this  may  be  a  manifestation  of  the  same 
phenomenon  which  is  observed  when  metals  are  strained.^ 

The  After-Bffect  of  Pressure  on  the  Density  of  Solids. 

For  the  experiments  on  the  residiial  eflfect  produced -by  very  high 
hydrostatic  pressures  on  the  density  of  homogeneous  crystals,  we  again 
used  potassium  sulfate,  of  size  between  40  and  60  mesh.  This  size  was 
chosen  simply  for  the  sake  of  convenience  of  manipulation;  for  from  the 
preceding  paragraphs  it  is  evident  that  the  effect  of  pressure  does  not 
depend  upon  the  size  of  the  crystal,  so  long 
as  the  material  is  strictly  homogeneous. 

The  presstu'e  bomb,  of  which  a  drawing 
to  scale  is  given  in  Pig.  2,.  is  of  vanadium 
steel;  it  is  6  inches  in  length,  4  inches  in 
internal  diameter,  with  i  inch  diameter  of 
bore.  ThjB  plunger,  of  glass-hard  steel,  is 
a  slip  fit,  but  leak  of  oil  past  the  plunger  is 
prevented  by  the  slice  of  soft  rubber,  A. 
Pressure  was  applied  by  means  of  a  500-ton 
hydraulic  press,  of  which  the  platens  are 
represented  by  P  P  in  the  figure.  The 
figure  also  shows  the  arrangement  by  means 
of  which  the  bomb  centers  itself.  Without 
some  such  arrangement  as  this,  it  is  next 
to  impossible  to  obtain  a  rectilinear  thrust 
parallel  to  the  axis  of  the  bomb;  and,  if  this 
condition  does  not  hold,  leaks  soon  develop, 
and  can  be  ciu^ed  only  by  enlarging  the 
bomb  and  by  grinding  a  new  and  somewhat 
larger  plunger  to  fit  it. 

The  procediu"e  was  as  follows:  A  quan-  Fig.  2. — Shaded  parts  represent 
tity  of  about  10  grams  of  the  substance  the  bomb  and  plunger  to  scale;  the 
was,  in  the  earlier  experiments,  enclosed  in  other  parts  represent  diagnimmat- 

;.    ,      ^  r      ,  .        «  ,  ,  «      ically  the  press,  platens  P  P,  and 

a    httle    bag    of    thm    sheet    rubber,    the  ^   arrangement   by   means    of 

mouth  of  which  was  then  tied  tightly;  which  the  bomb  centers  itself  as 
but,  as  it  was  fotmd  impossible  wholly  to  pressure  is  applied  to  the  plunger, 
exclude  the  liquid  used  for  compression,  ^  is  the  sUce  of  rubber  stopper, 
in  the  later  experiments  the  substance  was  just  placed  within  a  copper 
tube,  I  cm.  in  diameter,  closed  at  one  end.  The  vessel  containing  the 
material  was  placed  in  the  bomb  and  surrounded  by  paraffin  oil  (or  by 
aqueous  glycerol  in  some  cases) ;  the  plunger  was  inserted,  and  the  pressure 
was  applied  by  means  of  a  hydraulic  press  and  continued  for  an  hour  or 
longer.    The  amount  of  pressure  was  calculated  from  the  total  com- 

^  Cf.  postea. 


•  /y"/:?^ 


^^^V^-^^^^i 
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pressive  force  exerted  by  the  press,  as  measured  on  a  hydrostatic  gauge ; 
the  values  given  are  only  approximate,  as  no  allowance  was  made  for 
friction;  they  cannot,  however,  be  in  serious  error.  After  the  release 
of  the  pressure^  the  material  was  well  washed  with  gasoline  to  remove 
the  paraffin  oil,  and  after  heating  Tfor  half  an  hour  to  200^,  its  density 
was  determined  as  described  above.     The  results  follow: 

Tablh  V. — ^Afier-Epfbct  op  High  Prbssuss  on  thb  Density  of  K^O^. 

Density  before  compression 2 .6574 

Density  of  one  sample  of  same  after  i  horn*  at  10,000  atmos- 
pheres      2 .656, 

Density  of  a  second  sample  of  same  after  i  hour  at  15,000  at- 
mospheres       2 .655, 

» 

Here  again  the  differences  are  of  the  same  magnitude  as  the  error  of 
experiment;  again,  however,  it  may  be  noted  that  the  change,  if  it  exists 
at  all,  is  a  decrease. 

Spring*  in  his  experiments  on  the  after-effect  of  pressure  (Sn  specific 
gravity  of  solids,  compressed  gradually  in  the  dry  state  without  the  use 
of  oil;  the  substance  was  subjected  to  presstire  for  a  period  of  about 
three  weeks,  and  after  its  density  had  been  determined,  to  a  second 
compression  lasting  some  days.  The  amount  of  pressure  was  calculated 
to  be  some  20,000  atmospheres,  but  was  probably  considerably  less, 
owing  to  the  great  friction  incidental  to  such  a  method  of  compression. 
His  experimental  results  on  salts  are  contained  in  Table  VI. 

Table  VI. — Spring's  Results  on  the  After-Effect  of  Pressure  on  the  Density 

OF  Salts. 

Before 
compression. 

KCl 1.980 

KBr 2.505 

KI 3.012 

K,S04 2.653 

(NHJ^O, 1.773 

NH4alum.  .^ x.641 

Kalum — '. I  •758 

Cs  alum 1.988 

Cr  alum 1.828 

Tl  alum 2 .320 

This  shows  that  the  differences  between  the  density  after  the  first 
and  that  after  the  second  compression  are  small  and  irregular;  hence 
they  are  doubtless  due  to  experimental  error,  which,  to  judge  from  the 
procedure  employed,  could  easily  have  amounted  to  0.005.  The  mean 
changes  produced  by  compression  are  large  and  positive  for  the  halides 
of  potassium,  just  as  one  would  expect  from  a  microscopical  examina- 
tion, which  shows  that  the  crystals  of  all  three  substances  are  usually 
»  Bull.  Acad.  Roy.  Belg.,  [3]  6,  507  (1883). 


After  first 

After  second 

Mean  change  produced 

compression. 

compression. 

by  compression. 

2.071 

2.068 

+0.090 

2.704 

2.700 

+0.197 

3. no 

3. 112 

+  0.099 

2. 65 J 

2.656 

0.0 

1.750 

1.760 

—0.018 

1.629 

1.634 

— 0.009 

1-756 

1.750 

— 0.005 

2.000 

2.005 

+0.014 

1.823 

•   •   • 

-—0.005 

2.314 

2.314 

—0.006 

DENSITY  01^  SOI^ID  SUBSTANCES.  575 

not  homogeneous,  but  contain  small  holes  and  flaws;  with  the  other 
substances,  excepting  ammonium  sulfate  and  cesiimi  alum,  the  changes 
are  hardly  greater  than  the  probable  experimental  error,  while  with 
potassitmi  sulfate  there  was  no  change,  in  agreement  with  what  we  have 
fotmd.  On  account  of  the  anomalous  change  in  density  of  ammonitun 
sulfate  found  by  Spring,  we  investigated  the  effect  of  hydrostatic  pressure 
cm  the  density  of  this  substance;  the  procedure  was  identical  with  that 
described  above  except  that  prior  to  the  determination  of  the  density 
some  of  the  samples  were,  heated  to  1 15°  for  half  an  hotu*;  others,  however, 
were  dried  in  a  vacuum  desiccator  and  not  heated  at  all.  The  results, 
presented  in  Table  VII,  of  both  sets  of  experiments  are  concordant, 
and  show  again  that  no  after-effect  has  been  produced  by  pressure. 

Tabi^b  VII. — iNVumscB  OP  Prsssurs  on  thb  Density  of  (NHJ^O*. 

(a)  Samples  heated  to   115^  before   determination   of   the 
density. 

Before  compression —  i .  7655 

After  2  hours  at  12,000  atm —  i .  767, 

(&)  Samples  imheated. 

Before  compression —  i .  763, 

After  I  hour  at  8,000  atm «*  i .  7639 

From  the  foregoing  it  is  evident  that  the  change  of  density  observed 
after  powdering  a  well-defined  crystallin  substance,  or  subjecting  it  to 
pressure,  is  in  the  direction  of  an  increase  only  when  the  original  sub- 
stance contained  cracks  or  holes;  that  is  to  say,  an  increased  density  is 
due  entirely  to  accidental  circumstances;  with  strictly  homogeneous 
crystallin  substances,  on  the  other  hand,  the  change  of  density  is  usually 
less  than  o.ooi,  and,  if  real,  is  in  the  direction  of  a  decrease. 

The  Permanent  Effect  of  Pressure  on  the  Density  of  Metals. 

That  pressure  may  cause  a  decrease  in  the  density  of  most  metals  has 
been  known  now  for  some  time,  though  this  phenomenon  appears  not  to 
have  attracted  as  much  attention  as  it  deserves  in  view  of  its  bearing 
on  the  question  of  the  constitution  of  metals.  It  was  first  shown  for  a 
number  of  metals  by  Kahlbaum,  though  it  had  been  observed  in  isolated 
instances  several  times  previous  to  him,  but  had  not  evoked  much  com- 
ment. H.  Rose^  observed  that  hammering  silver  caused  a  diminution 
in  its  density.  Marchand  and  Scheerer  found  that  pressed  copper  was, 
except  for  cast  copper,  the  lightest,  and  fm-ther,  that  the  density  of 
bismuth  decreased  after  compression.'  Several  investigators'  of  the 
density  of  lead,  who  obtained  results  in  part  discordant,  agree  that  its 
density  is  lessened  by  hammering  and  drawing,  and  sometimes  by  presstire. 

»  Pogg,  Ann.,  73,  I  (1848). 

'  Erdmann,  /.  prakt.  Chem.,  2%  209  (1842). 

'  See  F.  Reich,  Pogg.  Ann,,  iig,  541. 
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In  1862,  C.  0*NeiP  found  that  sheet  copper  diminished  in  density  by 
hammering,  but  regained  the  original  value  on  subsequent  annealing. 
Similar  observations  were  made  by  A.  Riche;*  by  alternately  hammering 
and  annealing  blocks  of  steel  or  bronze,  he  found  that  though  the  hammer- 
ing usually  increased  the  density,  the  process  of  annealing  caused  a  further 
increase  in  each  case,  instead  of  a  decrease  as  might  be  expected.  The 
next  paper  in  point  of  time  dealing  with  this  subject  is  that  of  Spring,' 
who  determined  the  densities  of  seven  metals  before  and  after  compression, 
using  a  method  of  experiment  exactly  similar  to  that  described  above 
in  the  case  of  the  salts.  Spring  found  that  the  second  compression  pro- 
duced only  very  slight  changes — decreases  for  two  metals,  lead  and  zinc, 
and  increases  for  tin,  bismuth,  antimony,  cadmium,  and  aluminium. 
The  foregoing  isolated  instances  would  of  themselves  not  deserve  much 
confidence  were  they  not  confirmed  by  the  very  careful  and  trustworthy 
work  of  Kahlbaum  and  his  collaborators.^  The  latter  distilled  a  number 
of  metals  in  vacuo,  subjected  them  for  11  hours  to  a  pressture  of  11,000 
atmospheres,  determined  the  densities,  and  in  five  cases  out  of  seven 
subjected  the  metal  for  i  hour  to  still  higher  presstu-es  (Pb,  Cd,  Au  to 
12,000  atm.;  Cu,  Ag  to  20,000  atm.);  the  densities  were  determined  be- 
fore and  after  each  compression,  with  an  uncertainty  of  probably  not 
more  than  ±0.0001.     His  results  are  reproduced  in  Table  VIII. 

Table  VIII. — iNFLxmNcs  op  Pressure  on  teie  Density  ot  Metals  Disth^led  in 

VACUO  (KAm^BAUM  AND  Collaborators). 

Oriffinal  After  II  hours    After  1  hour  at 

density.  at  11,000  atm.     higher  pressure. 

d.  d',  dr  d^d'.  d'-'-dr. 

Zn 6.9225  7.1272                   ...  0.2047  .... 

Sb 6.6178  6.6909                ...  0.0731            

Pb 11-3414  "3457  11.3298  0.0043  --0.0159 

Cd 8.6482  S.6477  8.6390  — 0.0005  — 0.0087 

Au 18.8858  19.2653  19.2646  0.3795  — 0.0007 

Cu 8.9326  8-9377  8.9317,  0.0051  — 0.0060 

Ag 10.4923  10.5034  10.4993  o.oiii  — 0.0041 

From  this  it  is  evident  that  the  first  compression  caused  an  increase,  as 
might  be  expected,  in  the  densities  of  all  the  metals  with  the  exception 
of  cadmium;  but  that  the  second  application  of  pressure  caused  in  every 
case  a  diminution,  which  was  so  great  for  three  of  the  metals — ^lead, 
cadmium  and  copper — that  the  final  density  is  actually  lower  than  that 
originally  observed,  before  any  pressure  had  been  applied. 

Kahlbaum   investigated   very   thoroughly   the    possible   experimental 

*  FortschriUe  der  Physik,  18,  10. 
'  Compt.  rend.,  69,  323  (1B69). 

'  Bull.  acad.  roy.  Belg.,  [3]  6,  537  (1883),  to  which  we  are  indebted  for  some  of  the 
references  above. 

*  Verhaftdl.  Naturforsch.  Ges.  Basel,  15,  9  (1903);  in  part  in  Z.  anorg,  Chem.,  29, 
197  (1902). 
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errors,  but  was  forced  to  the  oondusion  that  the  above  variations  rep* 
resent  real  changes  in  the  metals.  To  account  for  these  changes  he 
advances  a  somewhat  fanciful  ad  hoc  explanation  on  the  basis  of  at- 
tractive and  repulsive  forces  between  the  atoms,  but  makes  no  attempt 
to  correlate  these  changes  with  other  simultaneous  changes  in  the  metals. 
For  instance,  Kahlbaum  remarks  that  his  cylinders  of  metal  had  lost 
their  polish  and  had  sufiFered  considerable  deformation  after  compression, 
and  especially  after  the  second  compression,  but  he  had  noticed  these 
facts  only  incidentally.  We  now  know  that  the  oil  (castor  oil)  used  by 
Kahlbaum  must  have  been  nearly,  if  not  altogether,  solid  at  the  higher 
pressures;  consequently  the  metallic  cylinder  was  then  subjected  to  con- 
siderable differential  compression,  instead  of  to  a  simple  hydrostatic  pres- 
sore,  as  iCahlbaum  apparently  assumes  was  the  case.  This  fact  accounts 
for  the  deformations  which  he  observed. 

The  more  recent  investigations  instituted  by  Kahlbaum^  on  the  changes 
m  specific  gravity  of  metals  produced  by  deformation  and  by  subse- 
quent annealing  confirm  his  previous  results  and  those  of  Spring.  He 
drew,  or  pressed,  wires  of  various  metals  and  alloys,  measured  their 
density,  annealed  them  and  again  measured  their  density.  The  densities 
of  wires  which  had  been  twisted  a  large  number  of  times  were  also  deter- 
mined before  and  after  annealing.  A  sununary  of  his  results  is  presented 
m  Table  IX.  It  will  be  noted  that  densities  of  the  metals  in  the  soft 
(annealed)  state  are  greater  in  each  case  than  the  densities  in -the  hard 
(drawn  or  twisted)  state. 

TaBUI  IX. — XAm^BATTM'S  RBSULTS  ON  TH8  DSNSITUtS  OP  WiSBS. 

Orisiiial  DenaitT  Density  Density 

density  after  Differ-  after  after  Differ- 

Metal.  of  wire.  annealinff.  enoe.  twisting.         annealinff.  ence. 

Att 19.3506  i9.a6o3  0.0096  19.2220  19.2523  0.0102 

Al 3.6995  3.7031  0.0036  ...  ...  .... 

Cd 8-6397  8-^34  0.0037  •••  •••  •••• 

Ni 8-7599  8.8440  0.0841  8.8273  8.8412  0.0139 

Cu-Al •8.2237  8.3377  0.0140  ...  ...  .... 

Pt>Ir 31.4766  31.4938  0.0172  21.3150  21.3309  0.0159 

PtyOommerdal.  21.4170  21.4320  0.0150  21.4112  21.4284  0.0x72 

Pt,  pure 21.4336  2-1.4403  0.0067  31.3985  21.4319  0.0327 

Wood's  alloy*. .  9.6661  9.6735  0.0074  •••  •••  •••• 

Alloy  IX' 9*3837  9-3940  0.0103  ...  ...  .... 

AUoy  VHP. . . .  9.7711  9.8223  0.0512  ...  ...  .... 

It  remained  for  Spring*  to  suggest  the  most  probable  explanation  for 

^  Kahlbaum  and  Sturm,  Z.  anarg,  Ckem,,  46^  217  (1905). 

•  Composition:  Bi  50%,  Pb  25%,  Cd  12.5%,  Sn  12.5%. 

•  Composition:  Bi  47-75%»  Pb  18.39%,  Cd  13.31%*  Sn  20.55%. 

•  Composition:  Bi  52%,  Pb  32%,  Sn  16%. 

'  "The  Effect  of  Compression  in  Diminishing  the  Density  of  Certain  Substances 
and  the  Probable  Cause  of  the  Phenomenon."  Rec,  irav  cktm.  Pays-Bos ,  23,  i  (1904); 
y.  cUm,  phys.,  X,  593  (1903). 
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these  changes  in  density:  Namely,  that  a  diminution  in  density  occurs 
only  in  those  cases  in  which  a  deformation  has  taken  place.  The  gist 
of  his  argument  is  briefly  as  follows:  That  the  substance,  while  it  is 
being  deformed,  behaves  as  if  it  were  partially  liquid;  that,  when  de- 
formation has  ceased,  the  substance  may  not  wholly  return 'to  its  original 
cryBtallin  state,  but  partially  remains  in  a  state  analogous  to  that  of  an 
under-cooled  liquid,  or,  in  other  words,  in  an  amorphous  or  glassy  condi- 
tion; and,  since  the  density  of  the  amorphous  form  is  usually  less  than  that 
of  the  corresponding  crystallin  form,  the  net  effect  would  be  a  diminution 
in  the  observed  density.  If  this  reasoning  be  correct,  it  follows  that 
metallic  bismuth  when  deformed  should  show  an  increase  of  density; 
and  Spring  found  this  to  be  so.  He.  fashioned  wires  of  various  metals 
by  squeezing  the  metal  through  a  hole  2  mm.  in  diameter,  and  made 
thin  sheets  by  hammering;  the  densities  were  determined,  the  wires  and 
sheets  annealed  and  the  densities  again  determined,  with  the  following 
results: 

Table  X. — Spring's  Results  on  the  Change  op  Density  op  Metals  Produced  by 

Depormation. 

Density  at  16^  of 
4  ■».        ■  ■  -  I.  I       ,  Mean 

Wire.  Hammered  sheet.       Annealed  metal.  difference. 


Pb 11.3351  "3348  II. 3410  —0.0060 

Sn 7-30II  7-3016  7-3137  — 0.0123 

Cd 8.6558  8.6603  8.6633  —0.005 

Ag 10.2485  10.2531  iO;.2696  — 0.019 

Bi 98522  ...  98354  +0.0168 

These  results  are  in  agreement  with  those  of  Kahlbaum,  except  for  the 
metals  tin  and  bismuth,  which  the  latter  did  not  investigate.  The 
anomalous  behavior  of  bismuth  as  compared  to  that  of  the  other  metals 
is  very  important  if  true,  since  it  furnishes  strong  evidence  in  suppK>rt 
of  Spring's  theory. 

Experiments  with  Bismuth. 

BismtUh  Cylinders, — In  order  to  test  this  alleged  behavior  of  bismuth, 
careful  measurements  were  made  of  the  densities  of  bismuth  cylinders, 
first,  after  subjection  to  high  pressures  and  again  after  annealing  them. 
The  bomb  used  for  these  experiments  was  of  **type  D"  chrome- vanadium 
steel.  The  dimensions  were:  outside  diameter  60  mm.,  diameter  of  bore 
12  mm.,  length  80  mm.  Pressure  was  applied  directly  to  the  metal  by- 
means  of  a  hardened  steel  plunger.  The  whole  sat  beneath  the  press, 
and  pressure  was  applied  to  the  plunger  as  previously  described  on  pag^e 
573.  The  cylinders  were  turned  down  to  the  proper  diameter  in  a  lathe ; 
the  diameter  of  cylinders  I  and  II  was  practically  the  same  as  that  of 
the  hole  in  the  bomb,  while  the  diameter  of  cylinder  III  was  2  mm.  less. 
The  latter  cylinder,  therefore,  when  subjected  to  pressure  was  probably 
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first  crushed  to  some  extent  and  then  welded  together  again  at  the  higher 
pressures.  As  will  be  seen  later,  the  density  of  this  cylinder  changed  in  a 
direction  opposit  to  that  of  the  other  two.  The  pressure  applied  to 
each  cylinder  was  about  15,000  atmospheres.  Density  was  determined 
by  the  principle  of  Archimedes.  The  suspending  wire  was  of  platinum 
o.i  mm.  in  diameter  and  was  platinised  according  to  the  procedure  of 
Kohlrausch.  The  cylinders  were  annealed  by  heating  in  a  beaker  filled 
with  paraflSn  oil,  and  then  slowly  cooled  to  room  temperature.  After 
being  wiped  free  from  oil  with  a  cloth,  washed  with  "petroleum  ether,'' 
and  carefully  dried,  their  densities  were  again  determmed.  The  results 
corrected  to  vacuum  and  to  25^  follow: 

TaBLB  XI. — J^  OP  liBTALLIC  BlSMUTH,  UNDSR  THB  CONDITIONS  STATBD. 

Cylinder  I.         Cylinder  II.      Cylinder  III. 
33  g.  32  ff.  41  g. 

Density  after  pregting  to  1 5,000  atm...     :9.8oi3  9.7886  9.8001 

So  8023 
After  heatfaig  to  3<x>^  for  I  hour 1     80  9-7997 

After  heating  to  340®  for  3  hours 9.8028  9*7898  9-7971 

Since  the  act  of  forming  wires  from  metals  deforms  them  greatly, 
it  was  expected  that  bismuth  wire  might  show  a  greater  density  change 
on  annealing  than  the  compressed  cylinders.  Accordingly  a  quantity 
of  bismuth  wire  i  mm.  in  diameter  was  made  by  pressing  it  out  from  a 
small  bomb  through  a  hole  of  that  siie.  Wire  was  thereby  produced 
which  was  initially  flexible  but  broke  upon  being  bent  back  and  forth 
three  or  fotir  times.' 

Density  of  Bismuth  Wire. — ^About  20  grams  of  this  wire  were  broken  up 
into  lengths  of  6  or  8  cm.,  the  pieces  were  bent  into  a  circular  shape  and 
tied  together  with  a  weighed  platinum  wire.  The  density  of  the  bundle 
of  wires  was  then  determined  by  the  principle  of  Archimedes,  special 
precautions  being  taken  that  no  air  bubbles  remained  in  or  on  the  btmdle 
of  wire.  To  make  sm*e  that  this  was  the  case,  the  wire  was  covered  with 
air-free  water  in  the  beaker  in  which  it  was  to  be  suspended.  The  beaker 
was  then  placed  in  a  vacuum  desiccator  and  the  water  caused  to  boil 
under  reduced  pressure  for  10-15  minutes.  Two  determinations  of  the 
density  of  the  wire  gave  9.7693  and  9.7692  (corrected  to  vacuum  and  to 
25**).  After  annealing  at  230**  for  2  hours  the  density  was  9.7767  and 
9.7768. 

It  will  be  seen  that  the  density  change  upon  annealing  either  the 
cylinders  or  the  wire  is  in  the  same  direction  as  with  other  metals,  except 
in  the  case  of  cylinder  III.  The  amount  of  change  is  small  but  undoubt- 
edly greater  than  the  error  of  experiment,  which  is  probably  not  greater 
than  ±0.0005.  The  increase  of  density  observed  with  cylinder  III  we 
attribute  to  the  inclusion  of  air  at  high  pressure  during  the  probable 
crushing  mentioned  above.    A  small  amount  of  air  included  in  this  manner, 
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while  having  little  effect  on  the  density  after  compression,  could  expand 
during  the  process  of  annealing  and  thus  give  rise  to  the  apparent  de- 
crease in  density.     This  explanation  may  also  accotmt  for  the  abnormal 

■ 

change  in  density  observed  by  Spring,  if  indeed  he  made  his  density 
determinations  on  bismuth  before  and  after  annealing,^ 

General  Discussion  of  the  Experimental  Data. 

Supposing  these  figures  for  the  effect  of  pressure  on  the  density  of 
metals  to  be  correct — ^and  the  magnitude  of  the  differences  surely  greatly 
exceeds  the  probable  experimental  error— it  may  now  be  regarded  as 
proved  that  deformation  of  a  metal  causes  a  change — usually  a  decrease — 
in  its  density. 

Additional  evidence  in  favor,  of  this  point  of  view  is  afforded  by  other 
papers.  Gray  and  Mees^  noticed  that  when  hard  drawn  iron,  brass, 
German  silver,  and  pianoforte  steel  wires  were  stretched  with  increasing 
loads,  a  slight  diminution  in  density  set  in  when  the  elastic  limit  was 
reached.  Gnmmach*  stretched  a  bar  of  Siemens-Martin  steel  tmtil  it 
rupttired,  and  afterwards  made  a  series  of  very  careful  density  determina- 
tions throughout  the  length  of  the  bar;  he  found  that  the  density  of  both 
portions  of  the  bar  was  constant  and  imchanged  except  at  the  broken 
ends,  at  which  the  density  was  less  by  0.040  and  0.050,  respectively. 

From  the  foregoing  examples,  then,  it  is  evident  that  deformation  of 
metals  is  accompanied  by  a  change — ^practically  always  a  decrease — of 
density.  This  explanation  conflicts  with  none  of  the  available  trust- 
worthy  experimental  evidence  on  the  densities  of  metals,*  and  further- 
more, it  serves  to  correlate  these  facts  with  a  number  of  phenomena 
observed  by  Beilby.*  Beilby's  argument  may  be  presented  in  his  own 
words,  it  being  premised  that  he  uses  the  terms  "crystallin"  and  "amor- 
phous" to  denote  a  homogeneous  and  a  heterogeneous  assemblage  of 
molecules,  respectively. 

"Metals  ordmarily  occur  in  two  distinct  phases:  the  hardened  or  amor- 

^  For  a  dlacussioii  of  this  ambiguity  cf .  Kahlbaum  and  Sturm,  Z.  anorg.  Ckem.,, 

46,  303-5  (1905). 

•  Phil.  Mag,,  [3]  29,  355  (1890). 
■  Ann.  Pkysik,  67,  227  (1899). 

*  The  density  data  brought  together  in  tables,  e.  g.,  in  Landolt-Bdmstein-Meyer- 
hoffer — cannot  be  made  use  of  for  such  comparisons;  the  densities  must  be  determined 
upon  the  same  sample  (i)  when  defonned  and  (2)  after  annealing,  in  order  to  obviate 
the  effect  of  accidental  circumstances — ^Oaws,  etc. — an  effect  which  might  easily  ex- 
ceed the  effect  sought 

'  For  the  present  purpose,  the  best  paper  is  in  PhU,  Mag.,  [6]  8,  258-76  (1904), 
in  which  Beilby  summarizes  all  his  work  up  to  that  date.  But  see  also  Proc.  Roy. 
Soc.  London,  (A)  72,  218,  226;  76, 462;  79, 463.  The  more  important  conclusions  have 
been  republished  as  reports,  or  abstracts,  of  lectures  delivered  by  Beilby,  in  Chetn. 
Nems,  BrMsh  AssociaUon  Reports,  and  elsewhere. 
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phous,  which  will  be  referred  to  as  the  A  phase,  and  the  annealed  or 
ca7stallin,  which  will  be  referred  to  as  the  C  phase.  The  A  phase  is 
transferred  into  the  C  phase  by  the  agency  of  heat,  the  C  phase  is  trans- 
ferred into  the  A  phase  by  mechanically-produced  flow.  In  the  trans- 
formations A  '^^  C  there  are  two  intermediate  mobil  phases  M  and 
M'\  so  that  the  transformation  may  be  written  A  — ►  M'  -— >*  C  and 
C  — ►  M  — ►  i4.    The  argument  is  based  on  evidence  drawn  from: 

(i)  The  distinct  mechanical  properties  of  the  two  phases  A  and  C. 

(2)  The  microstructure  of  these  and  the  evidence  which  it  supplies 
of  the  existence  of  the  mobil  phases  M  and  M\ 

(3)  The  (a)  optical,  (6)  electrical,  (c)  thermochemical  properties  of 
the  phases  A  and  C."^ 

Evidence  was  obtained  in  favor  of  these  views  with  the  malleable  and 
ductil  metals — gold,  silver,  platinum,  copper  and  lead — ^and  also  with 
the  brittle  and  crystallin  metals — antimony  and  bismuth — the  behavior 
of  which  falls  perfectly  in  line  with  that  of  the  former;  ftulher,  with  iron 
and  nickel,  which  however  possess  other  properties  which  occasionally 
render  their  behavior  less  plain  and  simple.  The  evidence  presented 
in  the  case  of  silver,  which  occupies  a  fairly  central  position  in  respect 
to  hardness  and  tensil  strength,  is  here  recapitulated,  in  order  to  show  its 
character. 

(i)  The  tensil  strength  of  silver  may  be  raised  from  under  10  tons  per 
square  inch  to  over  20  tons  by  rolling,  hammering  or  wire-drawing.  A 
strip  of  silver  may  be  made  quite  hard  and  springy  by  hammering,  but 
loses  all  its  spring  after  heating  to  260^. 

(2)  "The  micro-structture  of  annealed  silver,  if  the  metal  is  in  a  su£Gi* 
ciently  massive  form,  is  always  crystallin,  and  consists  of  grains  built 
up  of  lamellae  of  similarly  oriented  units.  In  attenuated  forms,  like 
leaves  or  thin  films,  the  structure  is  determined  by  siuiace  tension,  and 
has  none  of  the  characteristics  of  crystallin  aggregation.  The  micro- 
structure  of  hardened  silver  is  vitreous  looking  on  the  surface,  and  finely 
granular  immediately  below  the  surface.  The  forms  assumed  by  surfaces 
and  edges  are  rounded  and  smooth,  and  suggest  the  flow  of  a  viscous 
liquid.  When  the  glassy  surface  is  carefully  removed  by  a  solvent,  the 
granular  structtu-e  imdemeath  is  more  ftdly  disclosed.  By  further  action 
of  the  solvent  the  granular  layer  may  be  completely  removed,  disclosing 
the  crystallin  grains  of  the  C  phase  more  or  less  deformed  or  broken  up. 
It  seems  probable  that  the  granules  which  are  thickly  distributed  through 
the  vitreous  layer  are  produced  by  the  breaking  down  of  the  lamellae 
and  the  setting  free  of  the  tmits  of  which  they  are  built  up.  The  granules 
and  their  vitreous  matrix  always  appear  at  surfaces  of  flow,  the  thickness 

'  Bdlby,  PkU.  Mag.,  [6]  8,  361  (1904). 
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of  the  layer  being  determined  by  the  thoroughness  of  the  flow  at  that 
particular  place."' 

(3)  (a)  In  beaten  leaves  or  films,  silver  in  its  hardened  state,  is  highly 
reflecting;  by  heating  to  2 50-300 '^  the  leaf  or  film  becomes  transparent 
and  loses  much  of  its  reflecting  quality;  but  by  flowing  or  burnishing  the 
annealed  leaf  or  film  its  opacity  and  reflecting  power  are  restored. 

(6)  The  electrical  conductivity  of  a  silver  wire  in  the  annealed  state 
is  8-10%  higher  than  that  of  the  same  wire 'in  the  hardened  state.  A 
thermo-jtmction  composed  of  a  hardened  and  an  annealed  wire  of  silver 
gave  0.17  microvolt  per  degree  of  difference  between  the  hot  and  cold 
junctions;  at  260°  the  electromotive  force  fell  to  zero,  as  the  hardened 
wire  then  passes  into  the  soft  condition.  Similar  observations  have 
been  made  by  other  observers,  using  various  metals.' 

(c)  Berthelot'  found  that  the  heat  of  solution  in  mercury  of  hammered 
silver  was  2.03  cal.,  as  compared  with  0.47  cal.  for  annealed  silver,  and 
o.io  cal.  for  crystals  of  electrol)rtic  silver. 

Thus  by  collecting  the  observations  on  the  mechanical,  optical,  elec- 
trical and  electrochemical  properties  of  the  hard  and  soft  forms,  it  is 
seen  that  these  all,  without  exception,  support  the  view  that  there  is  a 
well-marked  diflference  between  the  two  states;  fiulher  that  they  group 
themselves  on  either  side  of  a  transition  temperature  common  to  all; 
we  are  therefore  justified  in  regarding  these  forms  of  a  metal  as  distinct 
phases.  The  transformation  from  soft  to  hard  cannot  be  brought  about 
by  reducing  the  temperature  below  the  transition  point,  provided  that  no 
strains  are  set  up  thereby;*  but  it  is  readily  effected  by  mechanical  means : 
for  instance,  in  even  the  lightest  and  finest  polishing  this  transformation 
or  flow  takes  place  to  some  extent  at,  and  very  near  to  the  surface.  When 
the  metal  is  subjected  to  more  drastic  treatment,  such  as  hammering  or  press- 
ing, the  effects  penetrate  to  a  greater  and  greater  depth,  and  the  transforma- 
tion *'  takes  place  at  all  points  where  the  strain  reaches  the  stage  at  which 
mobility  of  the  molecule  is  induced  by  the  movement  of  one  portion  of 
substance  against  another.**  Thus  "exceedingly  thin  layers  of  the  A 
phase  are  formed  throughout  the  whole  mass  of  strained  metal.  Slipping 
is  easy  so  long  as  fresh  moving  stuiaces  are  forthcoming  for  the  supply 
of  the  mobil  phase;  but  when  all  the  available  crystallin  phase  has  become 
encased  in  the  unyielding  amorphous  phase,  plasticity  under  these  particular 
stresses  comes  to  an  end.*' 

*  Loc.  ciU,  pp.  262-3. 

'  Magnus  Maclean,  Proc,  Roy,  Soc.  London,  (A)  64>  322;  66|  165.  Spring,  /. 
ckim.  phys,,  x,  600  (1903). 

'  Compt.  rend.,  132,  234-41  (1901). 

*  Muir  found  that  hardening  by  quenching  results  frcxm  the  overstraining  of  the 
successive  layers  of  material  in  a  rod  or  mass  of  metal  {Proc.  Roy.  Soc.  London,  (i4)  71, 
89). 
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*'  In  the  more  easily  flowed  metals  the  surface  film  formed  by  polishmg 
may  vary  from  1000-5000  (ifi  in  thickness,  while  in  the  less  easily  flowed 
metals  they  may  be  500  ptfi  or  less.  At  surfaces  which  have  moved  over 
each  other  very  slightly,  films  of  only  a  comparatively  few  molecules 
might  be  formed." 

Beilby  was  unable  by  any  means  to  destroy  all  traces  of  the  aystallin 
phase,  even  in  the  thinnest  strips  of  gold  or  silver  foil;  indeed  it  has  not 
been  possible  to  produce  more  than  a  small  percentage  amotmt  of  the 
amorphous  phase.  Hence  the  properties  of  the  latter  can  only  be  very 
imperfectly  ascertained.  All  the  evidence,  however,  tends  to  show  that 
this  amorphous  phase  is  closely  analogous  to  an  undercooled  melt,  i.  e., 
it  bears  much  the  same  relation  to  the  crystallin  metal  as  a  silicate  glass 
bears  to  the  crystallin  silicate. 

On  this  view  then  we  should  expect  as  one  of *the  results  of  the  deforma- 
tion, and  consequent  flow,  of  metals,  a  change  of  density  in  the  same 
direction  as  that  produced  on  melting;  which  agrees  with  the  results 
actually  fotmd  with  the  metals,  bismuth  excepted.  Too  much  stress 
must  not  be  laid  on  this  exception,  which  may  after  all  be  only  apparent. 
For  though  tmder  ordinary  conditions  melted  bismuth  is  denser  than  solid 
bismuth,  it  by  no  means  follows  that  the  melt  produced  at  the  pressures 
required  to  cause  the  metal  to  flow  should  be  denser  than  the  solid.  As 
an  illustration  consider  the  behavior  of  water^  with  pressure:  at  presstu'es 
up  to  about  2200  atmospheres  water  is  in  equilibrium  with  ordinary 
ice  (ice  I),  and  the  melting  point  decreases  with  increase  of  pressture  up 
to  that  point;  but  at  pressures  greater  than  2200  atmospheres,  the  melting 
curve  rises  again,  and  we  have  the  water  in  equilibrium  with  other  forms 
of  ice,  all  of  which  are  denser  than  the  liquid  water. 

The  plausibility  of  this  view  of  the  decrease  of  density  of  metals  which 
have  been  deformed  is  increased  by  certain  other  considerations,  which 
however,  can  only  be  referred  to  here.  It  is  shown,  namely,  in  another 
paper  from  this  laboratory'  that  many  of  the  properties  of  metals  can  be 
simply  correlated  if  we  assume  that  every  permanent  deformation  of  a 
crystallin  solid  is  conditioned  by,  and  consequent  upon,  a  real  melting; 
the  whole  of  the  solid  does  not,  of  course,  melt,  but  only  those  portions 
of  it  which  at  any  instant  bear  the  brunt  of  the  strain.  On  the  basis  of 
this  assumption — the  reasonableness  of  which  is  supported  by  a  large 
variety  of  observations  on  the  general  behavior  of  metals — the  possi- 
bility of  accotmting  for  changes  of  density  following  deformation  is  ap- 
parent; a  plausible  account  of  the  mode  of  occurrence  of  these  changes 
could  easily  be  given,  but  at  present  it  seems  premature  to  do  so. 

*  Tammann,  KrystalUsieren  und  Schmelgetif  pp.  315-44.  Bridgman,  Proc,  Amer. 
Acad,,  47,  441  (1912). 

'  Now  in  course  of  publication.  A  preliminary  note  was  published  in  /.  Wash- 
ingjUm  Acad,  Set,,  i,  360  (191  x). 
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Summary. 

(i)  With  a  new  and  improved  form  of  pyknometer  we  have  deter- 
mined the  density  of  salts  and  other  substances  with  an  accuracy  of  3 
or  4  units  in  the  fourth  decimal  place,  that  is,  within  0.02%.  In  many 
cases,  however,  such  accuracy  is  unnecessary  since  the  variations  of 
density  due  to  inhomogeneities  of  the  material  may  be  much  greater  than 
this. 

(2)  Powdering  a  crystallin  substance  does  not  change  its  density  by 
an  amount  which  we  can  detect  with  certainty,  provided  that  the  material 
is  homogeneous  and  free  from  cracks  and  holes;  but  if  the  substance  is 
not  homogeneous,  then,  as  might  be  expected,  the  fine  powder  is  denser 
than  the  coarse  particles. 

(3)  Neither  does  very  high  hydrostatic  pressure  produce  any  after- 
effect on  the  density  of  strictly  homogeneous  crystallin  compounds. 

(4)  But  if  the  pressiu-e  be  not  uniform,  then  the  density  of  a  metal 
which  has  been  subjected  to  such  compression — or  has  been  deformed 
in  any  other  way — ^usually  increases  first  (owing  presiunably  to  the 
filling  up  of  pores  and  cracks)  and  then  decreases,  sometimes  even  so  as 
to  reach  a  final  density  less  than  the  original  value.  Subsequent  anneal- 
ing of  the  specimen  causes  a  renewed  increase  of  density.  The  direction 
of  the  change  of  density  on  compressing  bismuth  is,  contrary  to  Spring's 
conclusion,  the  same  as  that  for  other  metals,  namely  a  decrease  of  density 
following  upon  deformation.  The  bearing  of  these  results  upon  the 
question  of  the  "flow"  of  metals  is  discussed:  they  are  shown  to  be  in 
harmony  with  the  idea  that  the  "flow" — or  indeed  any  deformation — of 
a  metal  is  a  manifestation  of  a  real  melting  produced  by  the  tmequal 
strains  set  up  during  the  process. 

(5)  Finally  it  is  important  to  emphasize  the  fact  that  the  density  of 
most  substances  is  somewhat  variable,  owing  to  a  lack  of  complete  homo- 
geneity of  the  material.  In  consequence  of  this,  slight  changes  of  density 
cannot  be  regarded  as  good  evidence  for  the  occurrence  of  any  trans- 
formation or  chemical  reaction — whether  produced  by  subjecting  the 
system  to  compression  or  by  other  means. 

Gbovhyucal  Labokatory.  Carnboib  Institdtion  of  Wabhinoton. 

Wabbxnoton.  D.  C. 


THE  ELECTRICAL  CONDUCTIVITY  OF  SOLUTIONS  OF  THE  ALCO- 
HOLS IN  LIQUID  HYDROGEN  CHLORIDE. 
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In  previous  papers,^  results  have  been  given  of  a  study  of  the  electrical 
conductivity  of  solutions  of  the  alcohols  in  liquid  hydrogen  bromide, 
and  of  the  organic  acids  in  liquid  hydrogen  chloride  and  bromide.     These 

^  This  Journal,  39,  665  (1907);  ap,  1416  (1907). 
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results  showed  that  in  these  solvents  the  variation  of  the  molecular  con- 
ductivity with  dilution  over  a  considerable  range  of  concentration  was 
abnormal;  as  shown  for  other  organic  compounds  in  these  solvents  by 
Steele,  Mcintosh  and  Archibald/  in  that  the  molecular  conductivity 
increased  with  the  concentration  rather  than  with  the  dilution,  as  is 
the  case  with  almost  all  aqueous  solutions.  As  regards  the  solutions 
of  the  organic  adds  in  hydrogen  chloride,  it  was  -fotmd  that  when  the 
solutions  examined  became  very  dilute,  the  molecular  conductivity- 
dilution  curve  changed  its  direction  and  continued  to  show  the  usual 
variation.  In  several  cases  these  curves  showed  both  maximum  and 
minimum  values  for  the  molecular  conductivity,  notably  for  solutions 
of  salicylic  acid  in  the  hydrogen  chloride.  Other  cases  of  such  variations 
in  the  molecular  conductivity-dilution  curve  have  been  noted,'  in  par- 
ticular by  Franklin  and  Gibbs*  for  solutions  of  silver  nitrate  in  methyl 
amine  and  of  various  bromides  in  liquid  sulfur  dioxide :  also  by  Schlesinger 
and  Calvert^  for  solutions  of  ammonia  in  formic  add.  It  was  further 
fotmd  that  in  the  case  of  the  solutions  of  the  organic  adds,  the  hydrogen 
chloride  formed  much  better  conducting  solutions  than  the  hydrogeii 
bromide. 

It  seemed  well  worth  while  to  study  some  typical  solutions  of  alcohols 
in  liquid  hydrogen  chloride,  to  ascertain  the  nature  of  the  variation  of 
the  molecular  conductivity  with  dilution  for  solutions  as  dilute  as  could 
be  examined.  An  attempt  was  also  made  to  follow  the  conductivity  of 
some  of  these  solutions  from  ptu-e  hydrogen  chloride  through  various 
concentrations  of  alcohol  to  pure  alcohol.  The  results  obtained  are  set 
forth  below. 

The  preparation  of  the  pure  liquid  hydrogen  chloride  and  of  the  alcohols 
has  been  described  in  the  papers  dted  above.  The  very  small  conduc- 
tivity of  the  solvent,  0.02  X  10"*,  was  strong  evidence  of  its  purity. 
Particular  attention  was  paid  to  keeping  water  out  of  the  pm-e  liquid 
chloride  solutions  while  the  measurements  were  being  made. 

The  method  of  measuring  the  resistance  of  the  solutions  was  that  of 
Kohlrausch,  involving  the  use  of  the  Wheatstone  bridge,  alternating  current 
and  telephone  receiver.  The  conductivity  vessds  were  of  the  "dip" 
variety,  as  previously  described.  Careful  attention  to  the  platinizing 
of  the  dectrodes  ensured  a  very  satisfactory  "minimum"  in  the  tdephone. 
Two  sets  of  electrodes  were  used,  one  for  solutions  having  a  high,  the 
other  for  solutions  having  a  low  resistance.     The  resistance  capacities 

*  Phil,  Trans,,  (A)  205,  99  (1905). 

'  Elablukov,  Z.  physik,  Chem.,  4^  429  (1889).  Plotnikov,  /.  Russ,  Phys.  Chem. 
Soc,  34,  466  (1902);  35>794  (1903).  Sakur,  Ber,,  35, 1242  (1902).  Kahlenburg  and 
Ruhofif,  /.  Phys.  Chem.,  z,  284  (1903).    Walden,  Z.  physik.  Chem.,  54}  131  (1906). 

*  This  Journal,  29,  1389  (1907);  /.  Phys.  Chem.,  15,  675  (191 1). 

*  This  Journal,  33,  1924  (191 1). 
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of  the  cells  were  determined  by  measuring  the  conductivity  of  o.oi 
and  of  0.02  A^  solutions  of  potassium  chloride. 

Outside  leak  of  current  from  one  lead  to  the  other  due  to  the  formation, 
on  the  outside  of  the  conductivity  vessel,  of  a  film  of  aqueous  solution 
of  hydrochloric  acid  of  very  high  conductivity,  must  be  carefully  guarded 
against,  when  working  with  dilute  solutions  in  the  hydrogen  chloride. 

The  temperature  of  the  bath  of  solid  carbon  dioxide  and  ether,  in 
which  the  conductivity  vessel  was  immersed,  was  kept  at  — 89°  by  con- 
necting the  bath  with  a  good  water  pump,  and  regulating  the  pressure 
over  the  carbon  dioxide-ether  mixture.  The  temperature  was  indicated 
by  a  pentane  thermometer  graduated  to  tenths  of  a  degree. 

The  results  obtained  with  the  diflFerent  alcohols  are  set  forth  in  the 
tables  below.  We  give  in  Table  I  the  values  foimd  for  the  solutions 
actually  measured  and  in  Table  II  the  values  for  the  round  concentra- 
tions. The  dilutions  are  the  number  of  liters  containing  one  gram  molecule 
of  solute,  the  conductivity  values  are  expressed  in  reciprocal  ohms. 


Tablb  I. — Solutions  in  LiQum  Hydrogbn  Ciooridb. 

Methyl 

I  alcohol. 
Molecular 

Bthyl  alcohol. 

Butyl  alcohol. 

Resorcinol. 

Dilu- 

Dilu- 

Molecular 

DUtt- 

Molecular 

DUu- 

Moleculair 

tion. 

conductivity. 

tion. 

conductivity. 

tion. 

conductivity. 

tion.    conductivity. 

33.2 

0.0528 

48.8 

O.O191 

29.4 

0.0238 

12.64 

2.930 

15   19 

0.0405 

23.7 

0.0182 

II. I 

O.OI51 

6.29 

3- 

430 

13.42 

0.0395 

12.19 

0.0185 

5.07 

0.0178 

4.09 

3 

770 

8.31 

0.0420 

7.48 

0.0200 

3-21 

0.0219 

2.19 

4- 

.110 

4.40 

0.0528 

4.66 

0.0216 

2.23 

0.0244 

1.222 

4' 

.270 

3.91 

0.0721 

3.50 

0.0268 

1.53 

0.0359 

0.874 

3. 

870 

2.36 

0.0981 

2.58 

0.0305 

1.266 

0.0638 

0.681 

3- 

6x0 

1.608 

0.1558 

1-93 

0.0378 

0.944 

0.0755 

0.539 

3 

040 

1. 321 

0.2282 

1.48 

0.0491 

0.730 

0.1262 

1.056 

0.3520 

1. 13 

0.0798 

0.574 

0.2290 

0.864 

O.511 

0.881 

0.1405 

0.336 

0.442 

0.649 

0.832 

0.713 

0.267 

0.272 

0.470 

0.694 

1. 190 

0.591 

0.361 

0.2163 

0.445 

0.379 

1.498 

0.507 

0.505 

0.I6I3 

0.332 

0.273 

1.622 

0.423 

0.645 

0.1333 

O.II73 

0.201 

1.587 

0.332 

0.799 

•    •    ■    • 

•   »   »   • 

0.156 

1.457 

0.263 

0.902 

«    •    •    • 

•   •   •   • 

0.130 

1. 199 

0.173 

1. 155 

•    •   •    « 

•    •   •  • 

■  •  •  • 

•    •    •    • 

0.156 

1.045 

•    •    ■    • 

•   •   •    * 

•   •  •   • 

■    ■    •    ■ 

0.131 

0.878 

■    •    •    • 

•    •   •    • 

«   •   •   • 

■    •    •    • 

0.120 

0.803 

•    •    ■    • 

•    •   •   • 

As  stated  above,  attempts  were  made  to  carry  the  meastu-ements  through 
the  concentrated  solutions  of  the  alcohols  in  the  liquid  hydride,  to  pui^ 
alcohol.  These  attempts  were,  however,  not  entirely  successful.  The 
temperature  coefficients  of  the  conductivity  for  the  concentrated  solu- 
tions are  so  large  that  it  is  exceedingly  difficult  to  obtain  accurate  measure- 
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ments.  In  the  case  of  the  methyl  alcohol  a  compound  separates  out 
when  about  equal  parts  by  weight  of  solute  and  solvent  are  present,  and 
finally  the  whole  mass  solidifies.  We  hope  soon  to  study  these  solutions 
from  the  other  side,  viz.,  to  measure  the  conductivity  of  the  solutions 
of  hydrogen  chloride  in  alcohol,  at  temperatures  corresponding  to  those 
obtaining  in  the  above  meastu'ements. 

Regarding  these  meastu'ements  of  the  concentrated  solutions,  we  may 
say  that  on  each  side  of  the  mixture  which  corresponds  to  the  compound 
which  separates  out,  the  specific  conductivity  remains  practically  constant 
over  a  wide  variation  in  the  concentration,  as  the  solution  is  diluted 
either  with  liquid  hydrogen  chloride  or  with  alcohol.  This  is  true  of  both 
the  methyl  and  ethyl  alcohol  solutions.  The  maximum  specific  conduc- 
tivity is  about  three  times  as  great  as  that  of  0.02  N  potassium  chloride 
at  18®  C,  viz,,  about  0.00715  reciprocal  ohms. 

For  the  sake  of  comparison  we  give  in  Table  II  the  values  of  the  molecular 
conductivity  for  round  concentrations,  obtained  from  the  curves  given 
by  the  values  in  Table  I. 

Tabls  II. — Solutions  of  thb  Alcohols  in  Liquid  Hydrogen  Chloridb. 

Molecular  Conductivity. 


Diltttioii. 

Methyl  alcohol. 

Bthyl  alcohol. 

Butyl  alcohol. 

50.0 

•   •   •    ■ 

O.O191 

•    •   •   • 

35.0 

0.0540 

0.0185 

•   •    •    » 

30.0 

0.0500 

■   •   •    • 

■    •   •    • 

35.0 

0.0452 

0.0182 

■    •   •   • 

30.0 

0.0430 

.... 

■    •   •   • 

15-0 

0.0398 

0.0183 

•   •   •    • 

10. 0 

0.0405 

0.0190 

0.0155 

7.50 

0.0435 

0.0300 

•    •   •    • 

5.00 

0.0502     - 

0.0215 

0.0180 

3.50 

0.0906 

0.0271 

0.0235 

3.00 

0.1260 

0.0367 

0.0275 

1.50 

0.1785 

0.0479 

0.0365 

1.00 

0.393 

0.1055 

0.0630 

0.750 

0.640 

0.2060 

0.1245 

0.500 

1. 172 

0.503 

0.2920 

0.250 

1.624 

0.955 

0.465 

0.150 

1.470 

1.048 

0.261 

O.I 

1.060 

0.704 

.... 

2 

3 
3 
3 
4 

4 
4 
4 

3 

2 


852 
100 

281 

670 

050 

140 

200 

100 

640 

910 


The  results  for  methyl,  ethyl  and  butyl  alcohol  are  shown  graphically 
in  Fig.  I,  where,  following  the  suggestion  of  Franklin,  the  logarithms 
of  the  dilutions  are  plotted  as  abscissas  and  the  molecular  conductivities 
as  ordinates. 

It  may  first  be  noted  that  here  as  in  the  case  of  the  solutions  of  the 
alcohols  in  liquid  hydrogen  bromide,  the  lower  the  alcohol  in  the  series 
the  better  conducting  solution  it  forms;  while  the  resorcinol  gives  solu- 
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tions  which  conduct  better  than  those  formed  from  the  alcohols  of  the 
paraffin  series,  as  tras  the  case  with  the  hydrogen  bromide  solutions. 


Before  discussing  these  results  further,  we  will  give  the  values  of  tlie 
temperature  coefficients  of  the  conductivity  found  for  the  hydrogen 
chloride  solutions.  These  are  shown  in  Table  III,  expressed  as  percentage 
values  of  the  conductivity  at  the  lower  temperature.  The  dilutions 
of  the  particular  solutions  are  also  shown,  together  with  the  temperatures 
between  which  the  measurements  were  made. 

TaBLS     III. — HVDROOBN    CHLORISB    SOLUTIONS;    TBUPBRATUU     COBPPtCIENTS      OF 


CoNDucTtvrrv 

Methyl 

alcohol. 

Temp.  UmlU. 

Pet  ctDt 

— SS.Sand— 8S.4 

— 88.5  and  — 85.5 

—89.3  and —85.8 

—88.5  and —S3. 5 

—89.0  and  —86.0 

1 

31 

— S9.oaiid— S6.0 

3 

w 

— 88 .0  and —85.0 

— Sg.o^and— 85.3 

^^9.0'and  — 85.0 
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With  regard  to  these  temperature  coefficients,  we  notice  that  the 
less  the  conducting  power  of  the  alcohol,  the  greater  is  the  variation 
in  the  conductivity  with  temperature;  while  the  temperature  coefficient 
of  the  more  dilute  solution,  and,  therefore,  of  the  poorer  conducting 
solution  of  any  one  alcohol  is  less  than  that  of  the  more  concentrated. 
The  solutions  of  the  resorcinol  are  particularly  interesting  in  this  re- 
spect Here  we  have  rather  good  conducting  solutions  with  negative 
temperature  coefficients  for  the  dilute  solutions,  and  positive  for  the 
more  concentrated.  This  behavior  may  be  explained  as  follows:  With 
rise  of  temperature  presumably  the  fluidity  will  increase  and  the  ionization 
will  decrease.  The  first  change  will  cause  the  conductivity  to  increase, 
the  second  will  cause  it  to  decrease.  It  seems  as  if  for  the  concentrated 
solutions  the  effect  of  the  change  in  viscosity  overbalances  that  due  to 
the  change  in  ionization  giving  positive  although  small  temperature 
coefficients;  while  for  the  dilute  solutions  the  converse  holds  true,  the 
eSect  due  to  the  decrease  in  ionization  overbalances  the  effect  due  to 
the  change  in  fluidity,  and  we  observe  a  negative  temperature  coefficient. 

In  like  manner,  by  assuming  a  large  change  in  the  viscosity  with  change 
in  temperature  for  the  other  solutions,  we  can  explain  the  large  tempera- 
ture coefficients  of  conductivity;  and  this  change  will  naturally  be  greater 
for  the  concentrated  solutions  than  for  the  dilute,  which  is  in  accordance 
with  the  fact  that  the  temperature  coefficients  are  greater  for  the  con- 
centrated than  for  the  dilute  solutions.  This  point  will  be  referred  to 
again  later. 

Referring  now  to  the  values  for  the  molecular  conductivity  in  Table 
II,  we  note  that  for  the  more  dilute  solutions  of  methyl  and  ethyl  alcohol 
the  molecular  conductivity  varies  with  the  dilution  in  the  usual  manner; 
viz.,  it  increases  with  the  dilution  as  was  observed  in  the  case  of  the  more 
dilute  solutions  of  the  organic  adds  ill  liquid  hydrogen  chloride.  How- 
ever, for  dilutions  below  15  liters  per  gram  molecule,  the  molecular  con- 
ductivity increases  with  the  concentration,  imtil  it  reaches  a  value  about 
fifty  times  as  great  as  its  minimum  value;  it  then  decreases  with  the 
concentration  quite  rapidly  for  all  the  remaining  measurements. 

With  regard  to  the  curves  shown  in  Fig.  i,  they  are  very  similar  to 
the  corresponding  curve  for  solutions  of  salicylic  acid  in  liquid  hydrogen 
chloride;  and  in  many  respects  to  the  cm^es  obtained  by  Franklin  for 
meth3damine  solutions  of  silver  nitrate,  and  sulfur  dioxide  solutions 
of  potassium  bromide  and  iodide;  except  that  for  the  solutions  in  the  liquid 
hydrogen  chloride,  the  increase  of  molecular  conductivity  with  concen- 
tration is  much  more  marked. 

Lewis  and  Wheeler*  have  suggested  that  the  increase  of  the  molecular 
*  Froc.  Am.  Acad,,  41,  419. 
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conductivity  with  the  concentration,  in  the  case  of  weak  ionizing  solvents, 
may  be  due  to  autoionization  of  the  solute.  Franklin^  explains  his 
results  with  the  methylamine  and  sulfur  dioxide  solutions  in  a  similar 
way.  He  also  explains  the  rise  in  the  molecular  conductivity  shown 
for  the  first  part  of  the  curve — that  for  the  concentrated  solutions — ^by 
assuming  that  the  increase  in  the  conductivity  with  dilution,  due  to  the 
decrease  in  the  viscosity,  is  great  enough  for  these  concentrated  solutions 
to  overbalance  the  effect  due  to  autoionization;  while  for  the  other  end 
of  the  curve  the  increase  in  molectdar  conductivity  with  dilution  is  oc- 
casioned by  the  usual  increase  in  ionization  due  to  the  solvent. 

With  regard  to  the  solutions  of  the  organic  adds  and  alcohols  in  the 
liquid  hydrides,  similar  explanations  to  those  given  by  Franklin  seem 
not  unlikely  to  apply  to  the  variation  in  the  molecular  conductivity 
at  the  two  extreme  ends  of  the  curves,  but  for  the  greater  part  of  the 
curve  where  the  molecular  conductivity  is  increasing  rapidly  with  the 
concentration,  some  other  explanation  must  be  fotmd,  as  it  seems  unlikely 
that  in  the  case  of  a  weak  ionizing  substance  such  as  ethyl  alcohol,  auto- 
ionization would  take  place  to  a  sufficient  extent  to  cause  the  molecular 
conductivity  to  increase  to  fifty  times  its  value  between  a  dilution  of 
7.0  and  0.20  liters  per  gram  molecule.  The  explanation  offered  by  Steele, 
Mcintosh  and  Archibald^  for  this  abnormal  behavior  in  the  case  of  the 
solutions  in  the  liquid  halogen  hydrides  seems  more  likely  to  apply  to 
the  measurements  recorded  in  this  paper.  This  explanation  asstuues 
that  there  is  a  compoimd  formed  in  solution  between  solvent  and  solute 
and  that  this  compotmd  which  contains  n  molecules  of  solute  is  the  elec- 
trolyte which  is  ionized.  The  concentration  of  the  electrolyte  is  then 
proportional  to  the  nth  power  of  the  concentration  of  the  dissolved  sub- 
stance, while  the  molecular  conductivity  will  be  given  by  the  expression 
kv^  rather  than  by  kv;  where  k  is  the  specific  conductivity  and  v  the 
dilution  of  the  solution  in  question. 

The  author  has  shown  in  previous  papers,  that  when  the  molecular 
conductivity  is  computed  according  to  this  assumption  for  solutions  of 
the  alcohols  and  organic  acids  in  the  liquid  halogen  hydrides  any  one 
value  of  n  for  a  certain  solute  is  applicable  only  over  a  narrow  range 
of  dilution,  indicating  that  the  composition  of  the  electrolyte  varies  with 
the  concentration  of  the  solution.  The  same  variation  seems  to  hold 
in  the  present  instance.  For  the  more  dilute  of  the  solutions  examined 
the  value  of  n  must  be  i  while  over  a  considerable  range  the  value  n  =  4 
would  seem  very  probable.  Thus  for  methyl,  ethyl  and  butyl  alcohols 
the  values  of  kv^  for  several  dilutions  are  found  in  Table  IV. 

The  same  value  of  n  applied  to  more  dilute  or  more  concentrated  solu- 
tions would  give  almost  impossible  values.  This  is  but  additional  evidence 
^  Loc.  cU. 
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that  a  solution  is  a  much  more  complicated  system  than  we  usually 
suppose. 

Tabls  IV. 


Diltttions. 

Methyl  alcohril. 

Bthyl  alcohol. 

Butyl  alcohol. 

2.50 

1-395 

0.421 

0.363 

2.00 

1.008 

0.293 

0.220 

1.50 

0.599 

O.161 

0.123 

1. 00 

0.392 

0.105 

0.063 

0.75 

0.268 

0.085 

0.052 

0.50 

0.146 

0.062 

0.036 

0.25 

0.025 

0.015 

0.007 

It  is  interesting  to  compare  the  conductivity  of  the  hydrogen  bromide 
solutions  of  the  alcohols  with  corresponding  solutions  in  the  hydrogen 
chloride.  These  are  shown  in  Table  V.  The  values  for  acetic  acid  in 
the  two  solvents  are  also  included. 

TaBLS  V. — ^MOLBCULAR  CONDUCnvlTY  VALXTBS  FOR  HYDROGBN  BrOMIDB  AND  ChU>- 

RiDB  Solutions. 

Hydroc«n  bromide  lolutioiia.  Hydrogen  chloride  aoliitiotis. 


Dfl. 

Methyl 
alcohol. 

Bthyl 
alcohol. 

Rew»- 

cinol. 

Acetic 
add. 

Methyl 
alcohol. 

Bthyl 
alcohol. 

Resor- 

ciaol. 

Acetic 
acid. 

iD.O 

•  •   « 

0.00048 

0.076 

0.0068 

0.0405 

0.019 

3- 10 

0.236 

5.0 

0.00068 

0.00050 

0.127 

0.0184 

0.050 

0.021 

3.67 

0.387 

2.0 

0.00166 

O.OOIOO 

0.252 

0.124 

0.126 

0.037 

4.14 

0.769 

I.O 

0.00925 

0.00465 

0.351 

0.332 

0.392 

0.105 

4.10 

I. II 

0.5 

0.2II 

O.IOO 

•   •    • 

■   •  •   ■ 

1. 172 

0.503 

2.91 

■    •    • 

0.25 

0.631 

■    •    • 

•   •    • 

•   •  •   • 

X.62 

0.955 

•   • 

•    •    • 

For  the  dilute  solutions,  we  see  that  the  hydrogen  chloride  solutions 
conduct  between  50  and  100  times  better  than  the  solutions  in  hydrogen 
bromide,  but  as  the  concentration  increases  the  conducting  power  of  the 
different  solutions  becomes  more  nearly  equal.  This  is  due  to  the  much 
greater  increase  in  the  molecular  conductivity  of  the  hydrogen  bromide 
solutions  with  concentration. 

Summary. 

We  may  briefly  summarize  the  foregoing  results  as  follows: 
(i)  The  conductivity  of  hydrogen  chloride  solutions  of  methyl,  ethyl 
and  butyl  alcohols,  and  of  resorcinol  have  been  meastu'ed,  and  the  tempera- 
ture coefl5cients  of  the  conductivity  of  these  solutions  have  been  determined 
at  different  concentrations. 

(2)  For  the  dilute  solutions  of  the  methyl,  ethyl  and  butyl  alcohols 
the  molecular  conductivity  increases  with  the  dilution,  and  this  is  also 
the  case  for  the  more  concentrated  solutions  of  all  four  solutes,  but  for 
a  wide  range  of  dilution  the  molecular  conductivity  increases  with  the 
concentration  rather  than  with  the  dilution. 

(3)  The  increase  in  the  molecular  conductivity  with  the  dilution  for 
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• 

the  concentrated  solutions  has  been  explained  by  assuming  a  considerable 
increase  in  the  viscosity  of  the  solution  as  the  concentration  increased 
with  a  corresponding  decrease  in  the  mobility  of  the  ions. 

(4)  The  decrease  in  the  molecular  conductivity  with  dilution  over  the 
greater  part  of  the  curve  plotted  in  Pig.  i  is  explained  by  assuming  a 
complex  electrolyte,  containing  n  molecules  of  solute.  The  expression 
for  the  molecular  conductivity  is  then  kv^  rather  than  kv, 

(5)  The  best  conducting  solution  for  the  above  solutes  has  a  specific 
conductivity  of  0.007  reciprocal  ohms. 

(6)  The  temperature  coefficients  for  ethyl  and  butyl  alcohols  are  very 
large  and  increase  with  the  concentration.  This  is  explained  by  asstuning 
a  large  decrease  in  the  viscosity  of  the  solution  with  the  temperature, 
this  decrease  being  greater  the  more  concentrated  the  solution.  In  the 
case  of  resordnol  the  effect  of  the  decrease  in  viscosity  with  temperature 
is  great  enough  to  change  a  negative  temperature  coefficient  for  a  dilute 
solution,  to  a  positive  coefficient  for  a  concentrated  solution. 

(7)  The  molecular  conductivities  of  the  above  alcohols  and  of  acetic 
acid  in  liquid  hydrogen  bromide  and  chloride  are  compared,  the  hydrogen 
chloride  solutions  being  much  the  better  conductors. 

Syxacusb  UNiVBSsmr,  Sykacuib.  N.  Y. 
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The  present  communication  brings  an  accotmt  of  experiments  made 
to  determin  the  atomic  weight  of  fluorine  by  a  new  method.  As  the 
work  has  to  be  interrupted  for  a  time  it  was  concluded  to  o£fer  such  re- 
sults as  have  been  obtained. 

A  record  of  all  previous  work  on  the  atomic  weight  of  this  element  may 
be  foimd  in  the  third  edition  of  F.  W.  Qarke's  **A  Recalculation  of  the 
Atomic  Weights."  Most  determinations  have  been  made  by  changing 
various  fluorides  into  sulfates.  This  was  the  method  pursued  by  Ber- 
zelius,  Louget,  Dumas,  De  Luca  and  Moissan,  who  used  the  fluorides  of 
calcium,  barium,  lead,  sodium  and  potassium.  Their  results  vary  from 
18.85  ^o  19- 14-  'I^^  chief  sources  of  error  in  the  method  are  incomplete 
change  of  fluoride  into  sulfate,  and  loss  of  material  due  to  the  violent 
escape  of  hydrofluoric  acid.  Louget  writes  that,  in  spite  of  all  precau- 
tions, there  was  always  a  slight  loss  of  material.  Naturally  both  these 
sources  of  error  would  lead  to  high  values  for  the  atomic  weight. 

Christensen^    treated    ammonium    manganese    fluoride,    (NQJs^dnF^y 

*  /•  praM.  Chem.,  [a]  351  541. 
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with  potassium  iodide  and  hydrochloric  acid,  and  titrated  the  liberated 
iodine.  In  this  way  he  obtained  four  values  for  the  ratio  (NHJ^MnF,  :  I, 
the  extreme  variation  being  a  little  over  o.i%  and  the  atomic 
weight  19.038.  As  Julius  Mayer^  has  pointed  out  the  iodometric  method 
is  subject  to  error,  smce  some  iodine  is  set  free  by  the  action  of  the  hydro- 
chloric acid  on  the  potassitun  iodide.  Moreover,  Christensen  gives  no 
proof  that  his  ammonium  manganese  fluoride  did  not  contain  other  double 
fluorides  of  manganese. 

Julius  Mayer  made  five  determinations  of  the  ratio  CaO  :  CaFj.  He 
prepared  calcium  oxide  with  great  attention  to  removal  of  impurities 
and  ignited  to  constant  weight.  He  was  unsuccessful  in  attempting  to 
change  calcium  oxide  to  calcium  fluoride  by  the  direct  treatment  of  the 
hydrated  lime  with  hydrofluoric  acid,  as  the  material  always  gave  an 
alkalin  reaction  when  moistened.  So  he  first  treated  the  lime  with  hy- 
drochloric add,  and  then  evaporated  the  chloride  repeatedly  with  hydro- 
fluoric add  to  convert  it  into  the  fluoride.  Special  precautions  were 
taken  in  ignition  of  the  fluoride  to  constant  weight.  He  has  given  no 
proof,  however,  of  the  completeness  of  the  reaction,  except  to  mention 
that  the  substance  was  neutral  to  litmus. 

In  this  laboratory,  we  sought  to  change  sodium  chloride  to  fluoride  by 
evaporation  with  hydrofluoric  add  and,  after  seven  evaporations,  found 
much  chloride  remaining.  Unless  Mayer's  term  "mehrere"  means  much 
more  than  seven  evaporations  with  hydrofluoric  acid  it  is  probable  that 
his  calcium  fluoride  contained  traces  of  chloride,  which  would  make  his 
value  for  the^atomic  weight  of  fluorine,  19.035,  somewhat  too  high. 

It  seemed  desirable  to  try  some  other  method.  It  was  determined  to 
change  sodium  fluoride  into  chloride  with  dry  hydrochloric  acid  gas.  It 
was  hoped  by  this  means  to  avoid  the  loss  of  material. 

Preparation  of  Pure  Material. 

Water, — Ordinary  distilled  water  was  redistilled  with  addition  of  a 
little  permanganate  and  alkali,  a  glass  condenser  being  used.  To  the 
distillate  a  few  drops  of  svdfuric  acid  were  added  and  it  was  again  distilled, 
using  a  quartz  condenser.  In  most  cases  it  was  further  redistilled  from 
a  Jena  flask,  emplojdng  a  platinum  condenser.  It  was  either  collected 
directly  in  platinum,  or  in  flasks  of  Jena  re^stance  glass,  with  covers 
grotmd  on  to  the  outside.  No  corks  or  rubber  connections  were  used, 
and  spedal  care  was  taken  to  exclude  dust. 

Sodium  Fliwride. — This  was  prepared  from  the  acid  fluoride,  NaHFj, 
,  by  heating  the  latter  in  a  current  of  dry  nitrogen  or  air.  Since  sodium 
fluoride  is  alkalin  in  reaction,  it  is  evidently  hydrolyzed  by  moisture; 
if  heated  in  ordinary  air,  it  is  probable  that  some  of  the  fluorine  is  re- 
placed by  hydroxyl. 

*  Z.  anofg.  CAeift.,  36,  313  (1903). 
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The  apparatus  used  in  preparing  the  nitrogen  consisted  of  a  long, 
electrically  heated  Jena  tube  containing  spirals  of  copper  gauze.  Through 
this  tube,  air  saturated  with  ammonia  was  passed.  It  was  then  con- 
ducted through  two  U  tubes  containing  dilute  sulfuric  acid  to  remove 
excess  of  ammonia,  through  a  tower  containing  glass  beads  moistened 
with  silver  nitrate  solution,  through  a  bottle  and  tower  containing  con- 
centrated sulfuric  acid,  through  a  tower  containing  small  pieces  of  potas- 
sium hydroxide,  through  two  towers  containing  boiled  stdfuric  acid,  and 
finally  through  a  long  tube  containing  phosphorus  pentoxide.  The  latter 
had  been  resublimed  in  a  ciurent  of  dry  air  directly  into  the  tube  in  which 
it  was  to  be  used.  All  the  apparatus,  forward  from  the  tube  containing 
the  copper  gauze,  was  constructed  of  glass  with  grotmd  joints.  When  a 
current  of  dry  air  was  desired,  ordinary  air  was  forced  through  the  same 
apparatus,  after  removal  of  the  tube  containing  the  gauze. 

Sodium  Hydrogen  Fluoride  {Sample  A). — Very  pure  sodium  carbonate 
was  dissolved  in  ptu'e  water,  the  solution  filtered  and  crystallization  allowed 
to  occur  in  platinum.  The  product  was  washed  once  by  decantation 
and  three  times  by  centrifugal  drainage.  The  centrifugal  machine 
held  two  perforated  platinum  cones,  and  the  average  speed  was  1500 
revolutions  per  minute.  The  soditun  carbonate  was  then  considered  to 
be  pure  enough  for  use  in  preparing  acid  sodium  fluoride. 

Commercial  hydrofluoric  acid  was  treated  with  one-fourth  its  equivalent 
of  potassium  fluoride,  in  order  to  form  potassium  silicofluoride  from  the 
silica  present.  A  little  potassium  permanganate  was  also  added  in  order 
to  decompose  any  chloride  that  might  be  present.  It  was  next  distilled 
from  a  lead  retort,  with  lead  condenser,  the  retort  being  placed  in  a  paraf- 
fin bath  at  120^,  since  potassium  silicofluoride  is  not  decomposed  at  that 
temperature.  The  first  fourth  of  the  distillate,  containing  most  of  the 
chlorine,  was  rejected.  It  was  then  redistilled  with  addition  of  a  little 
potassium  fluoride  and  permanganate,  rejecting  the  first  portion  as  before. 
After  four  distillations,  the  last  half  of  the  distillate  was  fotmd  to  be  free 
from  chlorine.  It  was  then  distilled  three  times  from  a  platinum  retort, 
rejecting  the  first  and  last  portion  each  time.  Traces  of  lead  were  thus 
completely  removed. 

Prom  the  last  distillation,  the  liquid  was  collected  in  a  platinum  flask 
and  was  added  to  a  portion  of  the  sodium  carbonate  solution  prepared  as 
described  above  and  contained  in  platinum  dishes.  At  first  the  sparingly 
soluble  sodium  fluoride  appeared,  and  being  semi-gelatinous,  it  could  not 
be  centrifuged,  but  was  allowed  to  settle  and  the  supernatant  liquid 
was  decanted.  To  this  sodium  fluoride  enough  more  hydrofluoric  acid 
was  added  to  produce  the  acid  fluoride,  NaHF2.  This  consists  of  small 
crystals,  considerably  more  soluble  in  hot  than  in  cold  water,  which  can 
be  centrifuged  without  difiiculty.     To  test  the  purifying  effect  of  this 
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scheme  of  crystallization,  a  portion  of  the  crystals  was  mixed  with  sodium 
chloride  and  treated  with  silver  nitrate,  when  a  heavy  precipitate  ap- 
peared. But,  after  one  recrystallization,  only  a  slight  precipitate  oc- 
curred, while  after  two  crystallizations,  no  test  for  chlorides  was  obtained. 

The  add  fluoride,  after  being  centrifuged,  was  preserved  in  platinum 
dishes  over  solid  potassium  hydroxide,  in  desiccators  thickly  lined  with 
paraffin.  Every  few  days,  the  salt  was  stirred  and  all  lumps  were  broken 
by  gentle  rubbing  with  a  platinum  spatula. 

Sodium  Hydrogen  Fluoride  (Sample  B.). — ^A  portion  of  sample  A  was 
recrystallized  from  water  containing  a  little  hydrofluoric  acid,  centri- 
fuged and  preserved  as  in  A. 

Sodium  Hydrogen  Fluoride  (Sample  C). — ^A  portion  of  sample  B  was 
again  recrystallized  and  treated  as  before. 

Balance  and  Weights, — ^The  Troemner  balance  used  in  previous  atomic 
weight  work  in  this  laboratory  was  again  employed.  Successive  weigh- 
ings of  the  same  object  agreed  within  0.02  or  0.03  milligram. 

The  large  weights  were  of  brass,  gold-plated,  and  the  small  weights 
were  of  platinum.  They  were  of  Class  B,  Bureau  of  Standards,  and  were 
carefully  standardized. 

The  apparatus  for  carrying  out  the  reaction  is  shown  in  Pig.  i ; 
it  was   constructed  entirely  of  platinum.    A  is  a    large    tube  drawn 


Pig.  I. 

out  to  form  a  small  tube  at  one  end.  B  is  the  inner  tube  belonging  to  the 
flask  C;  it  cotild  be  slipped  over  the  small  end  of  the  tube  A,  and  formed 
a  support  strong  enough  to  hold  the  flask  C.  So  the  flask  C,  which  was 
to  contain  the  sodium  fluoride,  was  supported  entirely  from  the  inside, 
and  could  be  rotated  so  as  to  cause  the  sodium  fluoride  to  roll  around 
and  expose  fresh  surface.  D,  D  are  platinum  dishes,  the  upper  being 
placed  inside  the  lower  and  thus  supported  so  as  not  to  touch  the  flask  C. 
These  dishes  were  heated  by  Bunsen  burners  above  and  below,  and  the 
temijeratiu-e  of  the  air  in  this  platinum  oven  could  be  regulated  within 
ten  degrees.  G  is  a  platinum  tube,  with  small  side  tube  through  which 
the  ftmies  were  drawn  by  suction  into  an  absorption  apparatus.  Fig. 
2  shows  the  flask,  with  inner  tube  and  stopper,  in  position  for  weighing. 
The  stopper  E  fits  it  tightly  enough  to  prevent  diffusion,  but  not  enough 
to  make  it  air-tight. 
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Fig.  2. 


To  the  large  end  of  the  tube  A,  the  tube  from  the  nitro- 
gen apparatus,  or  the  tube  from  the  hydrochloric  acid 
generator,  as  the  case  might  be,  was  adjusted  by  a  groimd 
glass  joint. 

The  hydrochloric  acid  generator  was  constructed  entirely 
of  glass,  with  connections  of  grotmd  glass  or  sealed  by 
sulftuic  acid.  The  gas  was  obtained  by  allowing  sulfuric 
acid  to  drop  into  hydrochloric  acid  solution.  It  passed 
through  a  bottle  of  strong  hydrochloric  acid,  and  a  bottle 
and  tower  containing  sulfuric  acid,  and  thence  into  tube 
A  of  the  platinum  apparatus.  Enough  acid  was  used  in 
the  apparatus  to  run  an  experiment  continually  for  about 
forty  hours. 

Analytical  Process. 

The  platintmi  flask,  with  inner  tube  and  stopper  in  place,  was 
weighed.  Since  sodium  fluoride  is  slightly  hygroscopic,  it  was  neces- 
sary to  weigh  the  flask  filled  with  dry  air.  All  weighings  were  by  sub- 
stitution of  a  counterpoise  having  nearly  the  same  weight  and  surface 
as  the  flask.  Platinum-tipped  tongs  were  used  in  handling  the  flask. 
The  acid  sodium  fluoride  was  now  placed  in  the  weighed  flask  and  the 
apparatus  was  arranged  as  in  the  diagram. 

After  heating  in  a  ciurent  of  nitrogen,  the  flask  and  inner  tube  were 
removed  and  stoppered  quickly  to  exclude  moist  air,  and  placed  near  the 
balance  for  several  hours  before  weighing. 

The  experiments  may  now  be  described  in  the  order  in  which  they  were 
performed. 

Experiment  (/). — Some  sodium  hydrogen  fluoride  (Sample  A)  was 
heated  in  the  weighed  flask  for  a  period  of  foiu-  hours  in  a  current  of  dry 
nitrogen  at  325°,  the  nitrogen  replaced  by  dry  air  and  the  flask  restop- 
pered  and  weighed. 

Weight  of  NaF  —  4.3281  grains;  heated  to  450-510®  for  four  hours.  Weight o 
NaF  —  4.3278  grams,  and  in  dry  air  at  500°  for  two  hours.  Weight  of  NaF  —  4.3274 
grams. 

It  was  thought  that  possibly  the  slight  decrease  in  weight  was  due  to 
hydrolysis,  but  later  experiments  with  the  vacuum  desiccator  showed 
the  lower  weight  to  be  more  nearly  correct.  So  the  weight  of  the  sodium 
fluoride  was  taken  as  4.3274  grams. 

Dry  hydrochloric  acid  gas  was  then  passed  over  it,  with  frequent  turn- 
ing of  the  flask,  the  acid  being  finally  displaced  by  dry  air  at  about  400®. 
The  duration  of  treatment  with  hydrochloric  acid,  with  temperatures  and 
weighings  are  given  below  and  show  the  progress  of  the  reaction.  Its 
cMTve  is  similar  to  that  of  a  reaction  of  the  first  order. 
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Time.  WcUht. 


loan. 

TdDpcMtim. 

Grams. 

8 

370° 

5.7749 

9V. 

400" 

5.9899 

loV, 

440» 

6.0019 

lO 

460" 

6.0088 

lO 

4«o« 

6.0131 

XI 

470» 

6.0167 

lO 

450" 

6.0176 

lO 

46o« 

6.0186 

34 

460° 

6.oao4 

35 

46o« 

6.0213 

24 

4«o» 

6.03XI 

The  outside  of  the  flask  was  rinsed  with  hydrochloric  acid  and  then 
reheated  in  a  current  of  dry  air  at  440^  for  an  hour. 

Weij^t  of  NaCl  —  6x>209  grams. 

The  salt  was  again  exposed  to  hydrochloric  acid  gas  for  7  hotu-s  at  520^. 

Weii^t  of  NaQ  <-  6.0208  grams. 
With  stopper  loosely  in  place,  the  flask  was  held  inclined  in  the  blast 
fiame  until  the  contents  *could  be  seen,  through  the  hot  translucent  plati- 
num, to  be  entirely  liquid: 

Weight  of  NaG  —  6.02075  grams. 
Constant  weight  was  reached  after  heating  through  180  hours.     It  was 
hoped  that  the  reaction  was  complete;  conditions  seemed  favorable,  since 
the  sodiiun  fluoride  was  in  a  porous  condition  after  the  escape  of  hydro- 
fluoric acid  from  the  acid  fluoride. 

Assuming  58.46  as  the  molecular  weight  of  sodium  chloride,  the  molecu- 
lar weight  of  sodium  fluoride  calculated  from  this  experiment  would  be 

58.46  X  ^ — ^  =  42.0176.     If  sodium  is  23.000,  the  atomic  weight  of 

fluorine  would  be  19.0176. 

Since  no  very  delicate  test  for  fluorides  in  the  presence  of  chlorides 
had  been  worked  out,  the  material  was  saved  with  the  purpose  of  in- 
vestigating it  later. 

Experiment  (2). — ^This  was  a  special  experiment  to  learn  how  constant 
and  definit  a  weight  of  sodium  fluoride  could  be  obtained  by  heating 
the  add  fluoride  in  dry  nitrogen  or  air. 

4.85  grams  of  NaHP,  (Sample  C)  were  treated  in  the  weighed  platinum 
flask  with  dry  nitrogen,  in  the  cold,  for  an  hour  to  remove  traces  of  mois- 
ture, then  for  eight  hours  with  a  gradual  rise  of  temperattu-e  from  350° 
to  520°.    The  nitrogen  was  then  displaced  by  dry  air. 

Weij^t  of  NaF  —  3.26104  grams. 
It  was  then  reheated  in  dry  air  at  450^  to  500°  for  4V2  hoiu-s,  stoppered 
qviickly  and  placed  in  a  vacuum  desiccator.     The  air  was  quickly  removed 
from  the  desiccator  (and  flask)  and  allowed  to  reenter  after  passing  sue- 
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cessively  through  a  tower  containing  pieces  of  potassium  hydroxide  and 
a  tower  containing  glass  beads  moistened  with  boiled  sulphtuic  acid. 
This  process  was  used  in  all  later  weighings  of  the  flask: 

Weight  of  NaF  -»  3.26098  grains. 
With  the  stopper  of  the  flask  loosely  in  place,  the  sodium  fluoride  was 
next  fused  in  the  blast  flame;  the  material  was  seen  to  melt  to  a  mobil 
liquid,  its  melting  point  being  about  900°.     WTiile  still  hot  it  was  trans- 
ferred to  the  vacuum  desiccator  and  treated  as  before. 

Weight  of  NaF  =  3.26098  grams. 
It  was  fused  again,  cooled  to  dull  redness,  re-fused,  and  treated  in  the 
vacuum  desiccator  as  before. 

Weight  of  NaF  —  3.26088  grams. 
So  the  extreme  variation  of  these  four  weighings  is  o.oooi6,  after   two 
fusions.     Some  of  the  loss  may  be  due  to  the  sodium  fluoride  or  even  to 
the  platinum  itself. 

This  and  the  preceding  experiment,  therefore,  prove  that  sodium  fluoride 
may  be  brought  to  definit  weight  by  the  method^  of  heating  in  a  current 
of  dry  nitrogen  or  air,  and  that  the  weight  is  constant  over  a  range  of 
nearly  600°. 

It  also  proves  that  the  fluoride,  when  thus  treated,  contains  no  weigh- 
able  amount  of  absorbed  air. 

Experiment  (3). — Sodium  hydrogen  fluoride  (Sample  C)  was  treated 
with  dry  nitrogen  in  the  cold  for  an  hour,  then  with  gradual  rise  of  tem- 
perature from  300°  to  500®  for  six  hours  with  frequent  turning.  It  was 
then  treated  in  the  vacuum  desiccator  as  in  previous  experiments. 

Weight  of  NaF  —  3 .  3940  grams. 
The  salt  was  reheated  in  dry  air  at  500°  for  foiu-  hours: 

Weight  of  NaF  —  3.39398  grams. 
The  last  weight  was  taken  as  correct,  and  the  salt  was  heated  in  hydro- 
chloric acid  gas  as  in  Experiment  (i). 


Time. 
Hours. 

Temperature. 

Weisht. 
Grams. 

56 

450^ 

4.7211 

29 

450° 

4.72194 

39 

450** 

4.72232 

35 

450** 

4.72244 

41 

450** 

4.72292 

Total  200 

We  abandoned  the  idea  of  obtaining  constant  weight  by  this  method. 
Evidently  some  fluoride  in  the  interior  of  each  granule  is  not  easily  reached. 

With  stopper  loose,  the  sodium  chloride  was  now  fused: 

Weight  of  NaCl  —  4.72260  grams. 
It  was  thought  that  possibly  the  continued,  small  increase  in  weight  was 
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due  to  minute  particles  of  platinum  being  rubbed  off  from  the  entrance 
tube  and  falling  into  the  flask;  but,  after  rinsing,  no  increase  in  the  weight 
of  platinum  was  found,  so  the  increase  in  weight  must  have  been  due  to 
the  chemical  reaction  alone. 

The  molecular  weight  of  sodium  fluoride  calculated  from  this  experi- 

ment  would  be  58.46  X  ^ r-  =  42.0133,  and  the  atomic  weight  of 

4.72200 

fluorine  would  be  19.0133. 

In  future  work  we  shall  modify  the  scheme  to  ensure  absolute  removal 
of  fluorine,  the  detection  of  which  in  small  amount  is  at  present  very 
uncertain  and  extremely  difficult.  The  treatment  with  dry  hydrochloric 
add  gas  will  be  followed  by  moistening  with  water  and  evaporating  so  as 
to  expose  fresh  surface. 

UNIYBBBITY  OW  PsmfSYLVANIA. 
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This  paper  describes  concisely  a  new  method  of  analyzing  solutions 
which  may  be  of  very  general  application  both  in  technical  and  in  scien- 
tific work.  The  method  depends  upon  noting  the  precise  temperature 
at  which  the  tmknown  solution  attains  exactly  the  same  density  as  a 
given,  previously  calibrated  solid  float.  This  equality  in  density  is 
marked  by  the  familiar  phenomenon,  which  we  may  call  "  floating  equilib- 
rium,"  where  the  wholly  immersed  solid  neither  rises  nor  sinks  in  the 
liquid.  When,  as  is  usual,  the  solution  is  denser  than  the  solvent,  the 
more  concentrated  the  solution,  the  higher  is  the  temperature  necessary 
to  reach  floating  equilibrium;  hence,  each  concentration  corresponds  to 
a  definit  temperature,  and  after  a  few  points  on  the  almost  linear  ciu^e 
connecting  the  two  variables  have  been  determined  by  means  of  known 
solutions,  all  the  intervening  ones  are  determinable  by  simply  reading 
the  thermometer  at  the  points  where  floating  equilibrium  is  attained. 
When  the  solution  is  less  dense  than  the  solvent,  precisely  the  same 
method  is  used,  except  that  the  solution  must  be  cooled  instead  of  warmed 
to  attain  floating  equilibrium,  as  the  concentration  increases.  One  should 
note  that  differences  alone  are  the  subject  of  study  by  this  method;  the 
exact  density  of  none  of  the  solutions  need  be  known.  The  method  is 
indeed  more  sensitive  and  accurate  than  any  of  the  usual  methods  of 
determining  the  densities  of  liquids.  The  starting-point  in  each  case 
should  be  the  perfectly  pure  solvent,  whose  density,  again,  need  not  be 
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known;  and  the  float  is  calibrated  by  solutions  of  known  concentration.* 
The  sensitiveness  of  the  method  is  indicated  by  the  following  obser- 
vation. A  buoy-shaped  or  fish-shaded  glass  float,  of  not  more  than  five 
cubic  centimeters  displacement,  will  distinctly  change  from  floating  to 
sinking  when  the  temperature  of  the  liquid  is  raised  o.ooi*',  if  just  on 
the  equilibrium  point;  and  probably  even  a  smaller  temperature  change 
would  have  an  appreciable  effect.  This  corresponds  to  a  change  of* 
density  of  about  o.oooooi  in  the  case  of  most  organic  solvents,  or  about 
0.0000002  in  aqueous  solutions.  If  a  i%  solution  of  a  salt  has  a  specific 
gravity  of  i.oi  compared  with  water  at  the  same  temperature,  this  de- 
gree of  sensitiveness  shotild  enable  one  to  estimate  the  amount  of  salt 
present  to  within  0.002%. 

A  mercury  thermometer  used  for  this  purpose  is  best  calibrated  with 
all  possible  care;  but  if  the  bore  is  very  uniform  and  the  graduation  is 
perfectly  spaced,  the  degrees  need  not  correspond  to  any  recognized  scale. 
Good  results  may  be  got  with  any  good  Beckmann  thermometer.  Plati- 
num resistance  thermometers  or  multiple  thermopiles  may  be  used  with 
advantage  by  those  familiar  with  very  exact  electrical  measurements, 
if  they  possess  apparatus  from  which  stray  electromotive  forces  are  rigor- 
ously excluded;  in  this  case  ohms  or  millivolts  may  be  plotted  directly 
against  concentrations  without  translation  into  centigrade  degrees. 

A  thermostat  capable  of  being  easily  adjusted  at  any  needed  tempera- 
tm-e  and  of  being  kept  there  within  0.005°  is  required  in  order  that  the 
greatest  accuracy  may  be  attained.  There  is  no  great  difficulty  in  ac- 
complishing this;  an  Ostwald  toluene-regulator  of  large  capacity  and 
large  stirface  is  arranged  to  make  electrical  contact  with  a  movable  wire 
in  its  capillary.  This  capillary  is  graduated,  and  the  adjustment  of  the 
wire  needed  for  any  given  temperature  is  easily  found.  The  current 
thus  regulated  operates  a  relay  for  a  stronger  heating-current,  or  any 
other  intermittent  heating  device. 

The  solution  to  be  investigated  is  placed  in  a  liter  Erlenmeyer  flask, 
immersed  in  the  adequately  stirred  thermostat,  and  the  float  within  the 
flask  is  viewed  by  reflection  in  a  small  inclined  mirror  kept  beneath  the 
water  of  the  bath. 

The  float  should  be  small  and  shaped,  as  has  been  said,  like  a  buoy 
or  fish,  or  very  plump  cigar.  It  should  be  made  several  months  before 
it  is  used,  if  permanency  in  calibration  is  desired,  so  as  to  allow  the  at- 
tainment of  constant  volume  after  the  internal  upheaval  due  to  heat. 
A  recently  made  float  may  be  used  temporarily;  but  it  must  be  recali- 

*  Sinoe  this  work  was  finished,  Andreae  has  published  a  method  of  determiiiiiig 
the  density  of  minerals  which  has  some  similarity  in  principle  to  die  method  her^ 
described.  The  form  of  apparatus  and  method  of  application  are  different,  however. 
Z,  phys.  Chem,^  76,  491  (1911). 
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brated  with  known  solutions  every  few  days.  Approximate  adjustment 
may  be  made  by  the  addition  of  merctuy  or  shot  before  sealing,  and  the 
final  adjustment  to  any  desired  weight  by  adding  glass  to  a  short,  thin, 
glass  rod  permanentiy  attached  to  one  end.  Because  the  coefficient  of 
expansion. of  the  float  as  well  as  of  the  liquid  enters  into  the  effect,  the 
results  obtained  with  floats  of  different  materials  are  not  directiy  com- 
parable. We  have  used  common  soft  glass,  Jena  glass,  and  fused  silica 
as  the  material  for  the  float.  The  restdts  given  below  were  obtained 
with  a  float  of  common  soft  glass;  but  the  best  material  is  probably  the 
standard  thermometer  glass,  well  known  as  Jena  glass  59^^^.  We  pro- 
pose in  the  near  future  to  publish  restilts  obtained  with  this  glass. 

The  data  of  a  single  determination  are  recorded  below  in  order  to 
illustrate  the  method.  In  the  first  place,  typical  readings  of  a  single 
setting  may  be  given. 

At  15.394°  the  float  sank  in  the  liquid. 

At  15.390°  the  float  rose  in  the  liquid. 

At  15.392°  the  float  sank  in  the  liquid. 

At  15.390°  the  float  rose  in  the  liquid. 

At  15.391°  the  float  sank  in  the  liquid. 

Thus  there  was  no  question  that  the  temperature  could  be  fixed  within 
0.001°.  It  is  not  easy  to  attain  the  point  where  the  float  neither  rises 
nor  sinks,  but  this  is  not  necessary;  we  contented  ourselves  usually  with 
the  narrowing  of  the  range  to  within  the  small  limit  recorded  above. 

A  series  of  measurements  made  by  diluting  474.53  grams  of  alcohol 
of  98.99%  purity  by  successive  weighed  additions  of  water,  and 
taking  the  corresponding  temperattu-es  of  floating  equilibrium,  is  given 
below.  The  float  used  had  been  well  seasoned,  the  temperatures  were 
determined  with  the  greatest  care  and  referred  to  the  international  hy- 
drogen standard,  and  all  weights  were  reduced  to  the  vacutun  basis. 


Water  added 
(grains). 

Per  cent  of  water  in 
alcoholic  icdtttion. 

Temparature  of 
floating  equilibrittm. 

.... 
4.884s 
4.1230 
2.9389 

1. 010 
3.019 
1.855 
3.446 

15.391*' 

19.083** 
22.050® 

24.093* 

Other  series  gave  similar  results,  with  curves  exactiy  coincident  when 
the  start  was  made  from  the  same  concentration. 

On^'^plotting  these  results  the  following  diagram  is  obtained,  which 
must^be  drawn  upon  a  very  large  scale  to  gain  the  full  benefit  of  the 
accuracy  of  the  method. 

This  curve  may  be  used  for  the  analysis  by  means  of  this  float  (or  any 
other  exactiy  similar  float)  of  alcohol  of  any  degree  of  purity  between 
99%  and  96.5%  (provided  that  water  is  the  only  impurity)  as  follows: 
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In  one  case,  for  example,  a  given  specimen  of  alcohol  was  found  to  give 
floating  equilibrium  at  15.492^.  Upon  adding  9.550  grams  of  water 
to  375.77  grams  of  this  alcohol,  the  floating  equilibrium  temperature 
became  24.251^.  According  to  the  curve,  based  upon  the  preceding 
table,  these  two  solutions  are  fotmd  to  contain  1.038  and  3.492% 
of  water  respectively.     The  difference  between  the  two  is  2.454.     The 


AOC?  Percent 


Floating  Equilibrium  Tbmpbraturb  and  Concentration. 

Temperatures  at  which  the  float  is  in  equilibrium  with  the  solution  are  plotted  in 
the  direction  of  ordinates,  and  percentages  of  water  in  the  diluted  alcohol  are  plotted 
in  the  direction  of  abscissae.    The  curve  is  almost,  but  not  quite,  a  straight  line. 

•consistency  of  these  results  is  seen  from  the  fact  that  the  difference  as 
similarly  calculated  from  the  weight  of  water  actually  added  is  2.453, 
assuming  the  first  solution  to  contain  1.038%  of  water.  The  difference 
is  only  0.001%  of  the  total,  or  0.04%  of  the  added  water.  Many  other 
similar  experiments  have  been  made  with  equal  or  even  greater  satis- 
faction, but  they  need  not  be  recorded  here. 

Clearly  the  method  is  dependent  upon  the  presence  of  only  two  com- 
ponents and  demands  for  efhciency  a  decided  difference  between  their 
densities.  Where  the  densities  are  nearly  alike  and  only  trifling  changes 
of  volume  occur  on  dissolving,  the  method  is  inapplicable. 

For  wide  ranges  of  concentration  one  may  use  either  several  floats 
with  different  but  overlapping  ranges  of  operation,  or  else  (less  ^van- 
tageously)  a  wider  temperature  range.  It  is  evident  also  that  the  method 
may  be  used  in  a  reverse  fashion  for  standardizing  thermometers  by  means 
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of  known  solutions.  Thus,  for  instance,  if  a  certain  concentration  of 
hydrochloric  acid  corresponds  to  a  given  temperattire  of  floating  equilib- 
rium, and  another  equally  definit  concentration  corresponds  to  another 
temperature,  the  difference  between  these  temperatures  can  be  fixed 
once  for  all  by  the  mere  titration  of  the  two  specimens  of  add,  and  may 
be  duplicated  at  any  time  Mdth  this  float  or  one  of  the  same  density  made 
from  glass  of  the  same  coefficient  of  expansion.  Such  cases  have  been 
studied  in  detail  and  have  been  found  to  yield  very  satisfactory  and 
interesting  results.  It  is  hoped  before  long  to  publish  the  somewhat 
voluminous  data.  For  the  present  this  preliminary  paper  will  give  an 
idea  of  the  general  problem  and  perhaps  be  of  service. 

It  may  perhaps  be  added  that  floats  of  this  sort  are  of  great  service 
in  preparing  exact  solutions  (for  example,  in  volumetric  analysis)  of 
predetermined  density.  In  the  present  ease,  to  cite  a  specific  instance, 
alcohol  of  exactly  98.000%  purity  could  have  been  made  by  setting 
the  thermostat  at  19.016®  (read  off  from  the  curve)  and  adding  water 
drop  by  drop  to  a  purer  alcohol  until  floating  equilibrium  was  reached. 
For  many  years  they  have  been  used  thus  at  Harvard  to  fix  certain  defi- 
nit solutions  at  a  fixed  temperature. 

Enough  has  been  said  in  this  paper  to  show  that  the  method  is  one  of 
considerable  accuracy,  and  that  it  has  a  wide  range  of  application  to  com- 
mon problems  of  industrial  as  well  as  theoretical  interest. 

To  recapitulate:  it  has  been  shown  that  the  method  of  determining 
equality  in  density  between  a  solid  and  a  liquid  by  floating  is  applicable 
to  a  simple  method  of  quantitative  analysis,  because  the  ''floating  equi- 
librium temperature''  is  an  almost  linear  function  of  the  concentration. 
Hence  the  reading  of  the  temperature  gives  at  once  a  determination  of 
the  concentration. 

As  this  method  is  exceedingly  sensitive,  small  changes  in  concentration 
may  be  detected  with  a  degree  of  precision  equaled  by  few  other  analytical 
processes.  The  process  may  be  used  either  to  determin  concentrations 
by  means  of  known  temperature  differences  or  else  to  determin  tem- 
perature differences  by  means  of  known  concentrations,  when  the  re- 
lationships have  been  found  once  for  all  for  any  given  substance.  Thus 
it  may  be  used  not  only  to  anal3rze  solutions  but  also  to  calibrate  ther- 
mometers, as  well  as  to  prepare  exact  solutions  of  any  desired  concen- 
tration. The  coefficient  of  expansion  of  the  solid  float  may  also  be  deter- 
mined with  its  help. 

A  more  extended  paper  upon  the  subject  in  all  its  ramifications  will 
be  published  in  the  near  futiu-e.  Much  more  work  has  already  been  done, 
and  is  almost  ready  to  publish,  and  yet  more  is  in  prospect. 

HAsyARD  UNivmsiTY.  Cambxidob,  Masbachusbtts. 
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[Contribution  prom  thb  Chsmical  Laboratory  op  Lbhioh  UNrvrntsmr.] 
THE  SOLUBILITY  OF  SODIUM  METAVANADATE. 

By  D.  J.  McAoAM.  Jk.,  and  C.  A.  Pzbklb. 
Received  Mtfcfa  21.  1912. 

In  making  some  experiments  on  the  atomic  weight  of  vanadium,^  it 
was  necessary  for  one  of  us  to  reaystallize  sodium  metavanadate  quite 
often.  In  this  work  it  was  noticed  that  the  crystals  seemed  to  vary  con- 
siderably in  solubility  and  appearance. 

Since  we  were  not  able  to  find  anything  definit  on  this  subject  in  the 
literature  of  vanadium,  it  seemed  worth  while  to  investigate  the  solubility 
of  sodium  metavanadate,  and  to  determin  what  hydrates  occur  in 
contact  with  the  water  solution. 

Historical. — ^A.  Ditte'  says  that  NaVO,2H30  is  obtained  by  allowing 
solutions  to  evaporate  over  sulfuric  acid.  He  also  says  that  he  obtained 
crystals  with  aVj,  3  and  4  HjO  by  addition  of  alcohol  to  water  solutions 
of  sodium  vanadate.  Nothing  was  given  about  the  solubility  of  these 
salts  except  the  statement  that  they  are  slowly  soluble  in  cold  water 
and  easily  soluble  in  hot  water. 

In  this  laboratory  in  1909,  H.  E.  Maddock,  at  the  suggestion  of  one 
of  us,  made  a  number  of  determinations  of  the  solubility  of  sodium  meta- 
vanadate. Most  of  the  determinations  were  made  at  25^,  and  the  results 
varied  from  about  14V2  to  2oVj  grams  of  vanadate  to  100  grams  of  water. 
He  also  made  one  determination  each  at  temperatures  of  45*^,  60°  and 
75^,  getting  values  of  24.7,  33.6  and  40.8  grams  respectively.  The  last 
two  results  agree  very  well  with  those  of  curve  A  as  shown  below.  The 
explanation  of  the  varying  results  at  25®  is  given  later. 

Preparation  of  Material. — Several  samples  of  sodium  metavanadate 
were  prepared,  but  the  method  was  in  all  cases  practically  the  same,  so 
only  one  preparation  will  be  described. 

Iron  vanadate,  the  kind  used  in  the  preparation  of  ferrovanadium, 
was  boiled  with  a  strong  solution  of  sodium  carbonate  or  sodium  hydrox- 
ide, filtered,  and  extracted  several  times  with  hot  water  containing  sodium 
carbonate.  The  filtrate  contained  sodium  vanadate,  with  the  excess  of 
alkali  and  some  iron.  It  was  acidified  with  sulfuric  acid,  which  precipi- 
tated vanadic  add,  leaving  the  iron  and  most  of  the  sodium  sulfate  in 
solution;  it  was  filtered  with  suction  and  washed  repeatedly,  but  it  was 
found  impossible  to  wash  out  all  the  sulfate.  As  a  means  of  removing 
this  stdfate  and  also  possible  traces  of  phosphoric  acid,  the  vanadic  add 
was  then  reduced  to  vanadyl  oxalate  by  heating  with  oxalic  add.  The 
equation  is:  Yfi^  +  2i^^6fi^  «  2VO(C20J  +  3HjO  +  2CO,.  Enough 
ammonium  oxalate  was  now  added  to  form  the  double  salt  (NH4)aC304VO- 

>  Tms  JoTjRNAi.,  32, 1603  (1910). 
'  Campt.  rend,,  104,  1061: 
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(CjOJ.  This  salt  was  recrystallized  twice  and  filtered  with  suction.  It 
now  gave  no  test  for  sulfates.  Ammonia  was  next  added  to  a  water 
solution  of  these  crystals,  and  the  brown  precipitate  was  filtered  and 
washed  with  dilute  ammonia.  The  precipitate  was  then  heated  in  plati- 
num until  no  more  ammonia  was  evolved.  Part  of  the  residue  dissolved 
in  sodium  carbonate  solution  and  the  rest  dissolved  after  fusion  with 
sodium  carbonate.  Since  the  color  showed  that  it  had  not  been  entirely 
reoxidized,  a  little  sodium  peroxide  was  added  until  the  color  of  the 
solution  disappeared.  Both  the  sodium  carbonate  and  sodium  peroxide 
were  of  special  purity  according  to  the  analysis  of  J.  T.  Baker. 

The  material  was  then  treated  with  carbon  dioxide  to  convert  the  excess 
of  alkali  into  bicarbonate.  It  was  next  oystallized  eight  times  in  por- 
celain and  three  times  in  platinum,  with  drainage  by  suction,  then  four 
times  in  platinum  with  centrifugal  drainage.  During  the  final  crystal- 
lizations it  was  protected  from  carbon  dioxide  by  keeping  it  in  a  desic- 
cator over  potassium  hydroxide.  The  water  used  in  the  cr3rstallizations 
had  been  distilled  from  alkalin  permanganate,  and  redistilled  after  ad- 
dition of  a  trace  of  acid;  a  block  tin  or  quartz  condenser  was  used. 

The  sodium  vanadate  was  now  neutral,  in  hot  or  cold  solution,  to  litmus, 
methyl  orange,  phenolphthalein  and  phenacetolin. 

Apparattis  and  Method, — The  thermostat  was  heated  by  gas,  with  a 
toluene  regulator,  and  the  water  was  kept  well  stirred.  The  tempera- 
ture was  usually  constant  to  several  hundredths  of  a  degree,  except  at 
the  higher  temperatiires,  when  it  occasionally  varied  as  much  as  0.2°. 
The  thermometer  was  standardized  by  the  Bureau  of  Standards  at  Wash- 
ington, and  a  correction  was  applied  for  the  emergent  stem. 

The  solution  and  crystals  were  rotated  in  the  thermostat  in  a  hard 
glass  tube  closed  by  a  well  cleaned  rubber  stopper.  When  equilibrium 
had  been  reached,  this  tube  was  supported  vertically  in  the  thermostat 
tmtil  the  crystals  had  settled,  so  that  the  supernatant  liquid  could  be 
withdrawn. 

A  Landolt  pipette  was  used  for  withdrawal  of  the  solution.  It  was 
dried,  weighed  and  kept  in  a  vertical  tube  in  the  thermostat  until  ready 
for  use.  A  filter  of  cleaned  cotton  wool  was  sometimes  used  in  with- 
drawing the  solutions. 

After  withdrawing  the  solution  and  wiping  off  the  outside  of  the  pipette, 
it  was  again  weighed.  The  liquid  was  then  washed  out  of  the  pipette 
and  made  up  to  a  volume  of  500  cc;  of  this  two  portions  of  100  cc.  each 
were  taken  for  analysis. 

Afialysis  of  the  Solution. — The  sodium  vanadate  was  reduced  to  van- 
adyl sulfate  by  the  action  of  sulfur  dioxide  in  the  presence  of  sulfuric 
add.    The  excess  of  sulfur  dioxide  was  then  removed  by  boiling  the 
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liquid  in  an  atmosphere  of  carbon  dioxide,  and  the  liquid  was  titrated 
while  hot,  with  standard  permanganate.     The  equation  is 

5VA(SOJ2  +  8H,S0,  +  2KMnO,  = 

sVACSOJs  +  K^SO,  +  2MnSO,  +  8H,0. 

The  permanganate  solution  was  standardized  approximately  against 
oxalic  acid  and  finally  titrated  against  a  known  solution  of  fused  soditun 
vanadate.  The  sulfiu*  dioxide  was  prepared  by  the  action  of  dilute 
sulfuric  add  on  sodium  stilfite,  and  the  carbon  dioxide  by  the  action 
of  hydrochloric  acid  on  marble;  the  gases  were  washed  before  entering 
the  vanadate  solution.  Duplicate  titrations  made  by  this  method  agreed 
to  within  0.05  cc. 

Experiments  and  Results, — A  number  of  preliminary  trials  were  neces- 
sary before  the  proper  conditions  were  secured.  It  was  soon  found  that 
a  long  time  was  required  for  solutions  of  sodium  vanadate  to  reach  equilib- 
rium, especially  at  the  lower  temperatures. 

The  following  results  were  obtained  with  one  sample  of  crystals:  The 
values  are  expressed  in  grams  of  anhydrous  vanadate  to  100  grams  of 
water.  At  25°,  after  24  hours  in  the  thermostat,  the  solubility  obtained 
was  21.30.  After  addition  of  fresh  solid  and  a  further  run  of  30  hours 
without  change  of  temperature,  the  solubility  was  21.27.  After  addition 
of  water  and  a  further  agitation  for  24  hours,  the  value  obtained  was 
20.73.  Saturation  had  evidently  been  reached,  and  the  average  value 
was  21.10. 

Without  addition  of  water  or  solid,  the  temperature  was  now  raised 
to  40^,  and  the  value  obtained  was  26.37;  then  more  solid  was  added» 
and  it  was  agitated  for  27  hours  more,  giving  a  value  of  26.07.  The 
average  value  was  26.23.  Another  portion  was  then  agitated  at  60^  for 
24  hours,  and  gave  a  value  of  32.97.  The  temperature  was  then  raised 
to  75  **  and  more  solid  was  added.  After  six  hours  at  this  temperature, 
the  value  obtained  was  38.83.     These  results  are  plotted  in  curve  A. 
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Another  sample  of  sodium  vanadate  gave  quite  different  values,  es- 
pecially at  the  higher  temperatures.  The  results  are  given  below  in  tabu- 
lar form.  Sometimes  fresh  material  was  added  for  a  new  experiment 
and  sometimes  several  determinations  were  made  without  allowing  the 
thermostat  to  cool  or  adding  new  material.  These  results  are  plotted  in 
curve  B. 

Tempcratitre.  Hoon.  Solubility. 

25**  24  15.16 

25  31  15-31 

40  26  29.65 

40  30  30.21 

60  10  69.93 

60  20  68.86 

60  26  67.27 

60  26  67.38 

An  attempt  was  made  to  get  a  value  at  75®  immediately  after  one  of 
the  experiments  at  60°.  At  first,  after  raising  the  temperattu-e  to  75°, 
more  solid  went  into  solution,  then  suddenly  more  crystals  began  to  form 
and  the  mass  became  nearly  solid.  It  was  then  diluted  with  water  and 
rotated  again  at  75®.  The  value  obtained  was  39.22;  and,  after  eight 
hours  more  without  addition  of  crystals  or  water,  the  value  was  39.59. 
Another  trial  with  the  same  material  gave  38.15.  The  average  was 
38.99,  which  falls  on  ciuve  A.  So  the  solid  phase  had  evidently  changed 
to  the  less  soluble  modification. 

The  results,  therefore,  indicate  that  at  least  two  different  solid  phases 
can  exist  in  contact  with  water  solutions,  and  that  their  solubility  curves 
cross  at  about  35°.  It  is  now  clear  why  Maddock  could  not  get  consistent 
results  at  25°.  Evidently  he  was  sometimes  dealing  with  phase  A,  and 
sometimes  with  phase  B,  whose  solubilities  are  21.10  and  15.23  respec- 
tively.    At  higher  temperatures  his  results  agree  fairly  well  with  ours. 

The  next  problem  was  to  determin  the  composition  of  the  two  solid 
phases.  This  was  quite  difficult.  The  crystals  were  very  small,  those 
of  phase  A  were  so  small  that  they  could  not  be  centrifuged  effectively. 
Both  kinds  of  crystals  were  anhydrous  after  exposure  to  the  air,  so  it 
was  hard  to  tell  just  when  the  mother  liquor  had  been  removed. 

The  first  method  tried  was  as  follows: 

Some  of  the  crystals  of  phase  B  were  centrifuged,  weighed,  fused  and 
again  weighed.     The  results  were : 

Wt.  of  cTTstali.  Wt.  of  anhydrous  salt. 

2.4550  1.9464 

2.4620  1.8372 

The  loss  of  weight  per  htmdred  parts  of  anhydrous  salt  were  therefore 
26.13  and  34.01,  with  an  average  of  30.07.  This  corresponds  to  the  for- 
mula NaV03.2HjO. 
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Since  it  was  tmcertain  whether  this  loss  represents  water  of  crystalli- 
zation alone,  another  method  was  now  tried. 

A  small  quantity  of  sodium  chloride  solution  was  added  to  the  solution 
and  crystals  of  sodium  vanadate,  and  the  material  was  rotated  in  the 
thermostat  as  in  an  ordinary  solubility  determination.  The  crystals 
were  then  freed  as  quickly  as  possible  from  the  greater  part  of  the  solution, 
and  analyses  of  the  moist  crystals  and  of  the  solution  were  made.  The 
amount  of  sodium  chloride  fotmd  in  the  moist  solid  was  asstmied  to  be  a 
meastu-e  of  the  amount  of  solution  retained.  The  soditun  chloride  was 
determined  by  precipitating  with  silver  nitrate  in  nitric  add  solution 
and  weighing  the  silver  chloride.  In  another  portion,  the  water  was 
obtained  by  careful  evaporation  and  fusion. 

The  restilts  obtained  by  this  method  are  given  below.  In  each  experi- 
ment, the  first  two  horizontal  columns  give  the  restilts  of  actual  analysis. 
In  the  third  horizontal  column,  the  values  for  NaVO,  and  H^O  have  been 
calctilated  from  the  value  for  NaCl,  so  that  the  proportions  are  the  same 
as  in  the  first  column.  In  the  fotu-th  horizontal  column,  the  values  were 
obtained  by  subtracting  those  of  the  third  column  from  those  of  the 
second. 

NaVOt. 

1 .0538 
0.8497 

0.3467 
0.5030 


Ph 


Solution,  50  ^^ 

Moist  crystals 

Retained  solution. . . 
Dry  crystals B, 


NaQ. 
0.1787 
0.0588 
0.0588 


HaO. 
3.6505 

i-3"4 
I. 201 I 

0.1 103 


SolubUity. 
28.3 


Pormula. 


Solution,  50^ 

Moist  crystals 

Retained  solutioii. 
Dry  crystab 


B, 


Solution,  50^ 

Moist  crystals 

Retained  solution. 
Dry  crystals 


B, 


Solution,  35® 

Moist  crystals 

Retained  solution. 
Dry  crystals 


A, 


Solution,  50^ 

Moirt  crystals 

Retained  solution. 
Dry  crystals 


A, 


0.2233 
0.0450 
0.0450 

•  •  •  • 

0.1757 
0.0034 
0.0034 


0.1242 
0.0489 
0.0489 


0.1683 
0.0572 
0.0572 


I . 5984 
3  7260 

0.3220 

3.4040 

I. 8413 

2.3523 
0.0356 

2.3167 

1.2980 
1.9646 
0.5110 
1.4536 

I • 1374 
2.1868 

0.3806 

1.8062 


4  9585 

1-73" 
0.9992 

0.7319 

5  0185 
0.6817 
0.0971 
0.5846 

7  3859 
2.8911 

2.9079 

.0168 

5.0961 

1. 7715 
1.7320 

0.0395 


32 


36 


17 


22 


21 


31 


49H,0 


46H,0 


72H.O 


078H,0 


I48H,0 


The  solubility  values,  as  given  in  the  fifth  vertical  column,  are  of  course 
lower  than  for  pure  sodium  vanadate,  and  vary  with  the  concentration  of 
the  sodium  chloride.  But  it  is  evident  from  these  figures  that  we  had 
two  different  phases.     To  prove  that  the  material  used  in  the  first  three 
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experiments  is  really  phase  B,  we  made  some  solubility  determinations 
at  50^  with  the  pure  substance.  The  sesults  were  51.64,  52.21  and  52.20. 
By  a  reference  to  the  curve  it  will  be  seen  that  these  values  are  a  little 
too  high  for  curve  B,  but  near  enough  to  show  that  phase  B  had  been 
obtained. 

The  values  in  the  last  vertical  column  are  probably  somewhat  too  low, 
since  no  allowance  cotild  be  made  for  the  effect  of  adsorption.  In  the 
third  .experiment  the  best  restilt  for  phase  B  was  probably  obtained, 
since  the  moist  crystals  were  centrifuged  quickly  before  analysis  and 
most  of  the  mother  liquor  was  thus  removed.  The  value  NaVOji'/^HjO 
obtained  by  this  method,  and  the  value  NaVO,  2H2O  obtained  by  cen- 
trifuging  alone,  seem  to  us  to  show  that  phase  B  is  NaVOj  2H2O.  From 
the  last  two  experiments  in  the  table,  we  conclude  that  the  formula  of 
phase  A  is  NaVO,. 
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A  SYSTEM  OF  QUALITATIVE  AITALTSIS  FOR  THE  COMMON 

ELEMEKTS. 

PART  v.— DBTECnOlf  OF  THB  ACIDIC  COHSTmiEllTS.' 

By  AKTStm  A.  Notbs. 
Rcceivwl  Much  26,  191Z 

Introdttctioii. 

This  article  forms  a  continuation  of  those  previously  published  in 
This  Journai,  tmder  the  same  main  title.' 

The  purpose  of  the  investigation  here  described  was  to  work  out  a 
more  systematic,  generally  applicable  plan  for  detecting  the  acidic  con- 
stituents of  substances  than  those  commonly  employed.  The  attempt 
was  also  made  to  develop  a  series  of  tests  for  the  various  constituents  of 
known  and  roughly  equal  sensitiveness.  Moreover,  the  desirability  of 
employing  methods  by  which  an  approximate  estimate  of  the  quanti- 
ties present  could  be  formed  was  taken  into  consideration,  as  has  been 
done  throughout  this  system  of  analysis. 

The  execution  of  this  research  has  been  made  possible  through  the  ef- 
fective aid  rendered  by  Dr.  W.  C.  Bray,  Mr.  R.  D.  Gale,  and  Dr.  K.  G. 
Palk,  to  all  of  whom  I  wish  to  express  my  great  obligation.  I  am  indebted 
to  Dr.  W.  C.  Bray  also  for  invaluable  assistance  in  the  preparation  of  this 
article  for  publication. 

General  Discnsaioin. 

I.  The  usual  method  of  testing  for  salts  of  the  very  volatil  acids  con- 
sists in  liberating  them  by  heating  with  a  stronger  acid  and  testing  the 

*  Copyright  191 2,  by  Arthur  A.  Noycs. 

■This  Joxtrnal,  29,  137-205  (1907);  30»  481-563  (1908);  5h  611-637  (1909)- 
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vapors  with  test  papers  or  suspended  drops  of  reagents.  As  this  method 
gives  little  idea  of  the  quantities  present,  it  was  considered  inadmissible. 
Moreover,  the  usual  separation  of  the  acidic  constituents  from  the  heavier 
metallic  elements  by  boiling  with  concentrated  sodium  carbonate  solu- 
tion is  not  satisfactory  as  a  general  procedure,  since  it  fails  to  decom- 
pose most  minerals  and  many  other  insoluble  substances,  since  some 
metallic  hydroxides  (such  as  those  of  copper  and  aluminum)  dissolve 
and  separate  from  it  upon  neutralization,  and  since  the  necessity* of  de- 
composing the  large  quantity  of  sodium  carbonate  present  in  the  solu- 
tion makes  certain  tests  impossible  and  others  insufficiently  delicate. 
A  method  free  from  these  objections  seemed  to  be  the  distillation  of  the 
substance  with  a  strong  non-volatil  acid  and  collection  of  the  distillate 
in  water  or  a  weak  alkali  solution;  for  this  would  serve  to  separate  all  the 
volatil  acids  from  all  the  metallic  elements,  and  would  yield  the  former 
in  a  solution  free  from  all  other  substances.  A  series  of  experiments 
showed  in  fact  that  a  convenient  and  satisfactory  procedure  could  be 
worked  out  by  distilling  the  substance  with  phosphoric  acid,  which  has 
been  employed  in  quantitative  analysis  for  a  similar  purpose. 

This  procedure  must  of  course  be  supplemented  by  tests  with  fresh 
portions  of  the  substance  for  the  non-volatil  acids,  phosphoric  and  boric; 
for  hydrofluoric  acid,  since  this  may  be  used  up  by  action  upon  the  glass; 
and  for  those  acids  which  are  decomposed  by  the  distillation,  such  as 
thiosulftuic,  hypochlorous,  chloric,  oxalic;  but  these  last  tests  are  neces- 
sary only  in  cases  where  their  decomposition  products  have  been  found 
in  the  distillate. 

2.  The  procedure  finally  adopted  for  the  distillation  consists  in  heating 
the  solid  substance  in  a  flask  with  the  pure  85%  phosphoric  add  of  trade 
diluted  with  2>i  times  its  volume  of  water  and  leading  the  yapors  into  a 
receiver  containing  barium  hydroxide  solution,  until  about  half  the  water 
has  distilled  over.  Then  the  solution  in  the  receiver  is  replaced  by  pure 
water;  and  the  distillation  is  continued  till  the  phosphoric  acid  becomes 
nearly  anhydrous. 

By  proceeding  in  this  way  the  adds  divide  themselves  into  two  main 
groups  upon  the  basis  of  the  readiness  with  which  they  pass  over  during 
the  distillation.  The  first  distillate  contains  the  readily-volatil,  slightly- 
ionized  acids,  namely  carbonic  acid,  hydrosulfuric  acid,  sulfurous  add 
(from  either  sulfites  or  thiosulfates),  hydrocyanic  add  (from  cyanides, 
ferro-  or  ferri-cyanides) ,  nitrous  acid,  and  free  halogen  (from  oxyhalogen 
salts  together  with  some  redudng  substance,  or  from  halides  together  with 
some  oxidizing  substance).  The  second  distillate  contains  the  less  volatil 
and  largdy  ionized  acids,  namely,  hydrochloric,  hydrobromic,  hydriodic, 
thiocyanic,  nitric,  and  hydrofluoric  acids;  also  chlorine  from  chlorates 
and  carbonic  acid  from  oxalates. 
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The  separation  of  these  two  groups  of  adds  is  not  a  perfectly  sharp 
one.  A  small  quantity  of  some  of  those  of  the  second  group  passes  into 
the  first  distillate,  but  never  in  sufficient  proportion  to  a£fect  the  tests 
for  them  in  the  second  distillate.  Of  those  of  the  first  group,  hydro- 
sulfuric  acid  may  occasionally  be  fotmd  wholly  in  the  second  distillate, 
namely,  when  it  is  present  in  difficultly  soluble  sulfides,  some  of  which 
are  decomposed  only  after  the  phosphoric  acid  has  become  concentrated. 
Some  ferrocyanides  are  also  so  slowly  acted  upon  that  the  hydrocyanic 
acid  from  them  is  found  largely  in  the  second  distillate.  When  treating 
insoluble  substances,  it  is  therefore  necessary  to  test  for  these  two  acids 
in  both  distillates.  This  involves  little  trouble,  however,  and  the  separa- 
tion of  the  distillate  into  two  parts  has  the  great  advantage  that  the 
tests  for  sulfurous  and  carbonic  acids  in  the  first  distillate  are  not  inter- 
fered with  by  the  presence  of  sulfuric  and  phosphoric  adds,  which  may 
pass  over  in  small  quantity  into  the  second  distillate. 

An  important  proportion  of  the  sulfuric  acid  and  of  the  boric  add  pres- 
ent does  not  pass  over  even  into  the  second  distillate,  provided  the  dis- 
tillation is  stopped  as  soon  as  the  phosphoric  acid  begins  to  fume.  By 
adding  finely  divided  copper  and  continuing  the  heating,  sulftuic  add  is 
reduced  to  sulfur  dioxide,  which  passes  over  into  a  *' third  distillate," 
and  can  be  there  tested  for  in  the  usual  way.  It  was  found  that  one 
milligram  of  SO4  could  be  readily  detected  in  this  way.  It  was  thought 
that  boric  add  might  also  be  distilled  off  from  the  phosphoric  acid  as 
methyl  ester  by  adding  methyl  alcohol ;  but  this  was  found  not  to  be  the 
case,  apparently  owing  to  the  formation  of  a  compound,  boron  phosphate 
(BPO4),*  with  the  phosphoric  acid. 

A  disadvantage  of  this  method  of  preparing  the  solution  for  the  detec- 
tion of  the  volatil  adds  is  that  certain  acidic  constituents  in  the  sub- 
stance, owing  to  decomposition,  may  give  rise  to  the  same  product  in  the 
distillate;  thus  sulfites  and  thiosulphates  both  yield  sulftu-ous  add;  chlor- 
ates, h3rpochlorites,  and  chlorides  (in  presence  of  oxidizing  substances), 
may  all  yield  both  chlorine  and  hydrochloric  acid.  When  sulftu-ous  acid 
or  free  halogen  is  fotmd  in  the  distillate,  provision  is  therefore  made  (in 
Procedures  11 7- 11 9)  for  testing  an  aqueous  solution  or  aqueous  extract  of 
the  original  substance  for  sulfites  and  thiosulfates  and  for  the  oxyhalogen 
salts.  This  disadvantage,  however,  is  compensated  by  the  fact  that 
the  distillation  shows  whether  special  tests  for  these  constituents  are 
necessary,  which,  owing  to  their  comparatively  rare  occurrence,  is  seldom 
the  case. 

3.  The  plan  of  analysis  of  the  separate  distillates  may  be  seen  in  out- 
line by  reference  to  Tables  XI  and  XII  on  the  following  pages.  These 
outlines  will  not  only  serve  to  give  the  general  reader  a  survey  of  the  pro- 

>  Cf.  Mylius  and  Meusser,  Ber,^  37,  397  (1904). 
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cess,  but  they  should  be  frequently  referred  to  by  any  one  employing  the 
scheme  for  the  first  time,  in  order  that  the  principles  involved  may  be 
dear  and  the  various  procediures  properly  correlated. 

The  first  distillate  is  collected  in  baritun  hydroxide  solution,  because 
loss  of  very  volatil  acids,  like  carbonic  acid,  is  thereby  avoided,  and  be- 
cause the  non-formation  of  a  precipitate  at  once  shows  the  absence  of 
two  acids  of  the  group,  carbonic  and  sulfurous  adds.  The  detection  of 
these  two  adds  in  the  presence  of  each  other  and  their  separation  from  the 
other  adds  is  complicated  by  the  difficulty  of  filtering  out  their  barium 
predpitates  so  as  to  yield  a  dear  filtrate.  To  obviate  this  difficulty  the 
plan  was  worked  out  in  detail  in  the  manner  shown  in  Table  XI  and  in 
Prpcedure  102.  The  presence  or  absence  of  another  group  of  adds, 
namely,  of  nitrous  acid  and  those  acids  yidding  free  halogens,  is  then 
shown  by  the  addition  of  chloroform  followed  by  that  of  potassium  iodide. 

Spedal  tests  for  nitrite,  sulfide,  and  cyanide  are  provided  for.  That 
employed  for  nitrite  is  the  evolution  of  nitrogen  by  the  action  upon 
urea,  which  in  add  solution  is  highly  characteristic.  Sulfide  is  tested 
for  in  acetic  add  solution  by  the  addition  of  a  cadmium  salt.  Cyanide  is 
detected  in  the  usual  way  by  its  conversion  into  ferric  ferrocyanide. 
Provision  is  also  made  for  determining  whether  the  hydrocyanic  add  in 
the  distillate  originated  from  a  readily  decomposable  cyanide  or  from 
a  ferro-  or  ferricyanide;  nanlely,  by  warming  the  original  substance  with 
a  solution  containing  free  carbonic  acid  (which  displaces  the  hydrocyanic 
add  from  simple  and  most  complex  cyanides,  but  not  from  the  relatively 
stable  ferro-  and  ferricyanides),  and  testing  for  hydrocyanic  acid  in  the 
distillate. 

4.  In  the  analysis  of  the  second  distillate,  silver  nitrate  and  nitric  acid 
are  first  added  to  determin  the  absence  or  presence  of  the  adds  that 
give  a  predpitate  with  silver  salts;  and  then  such  special  tests  are  ap- 
plied as  may  still  be  necessary. 

For  the  detection  of  chlorine  in  the  presence  of  the  other  halogens,  the 
method  of  distillation  with  sulfuric  add  and  bichromate  was  rejected, 
because  of  its  lack  of  delicacy,  because  of  the  necessity  of  working  with 
the  dry  substance,  and  because  of  the  inconvenience  which  it  involves. 
The  method  adopted  is  similar  to  that  worked  out  by  Jannasch^  and  Kiis- 
ter,*  which  is  based  on  the  successive  liberation  of  the  iodine  and  bromine 
by  permanganate  by  producing  the  proper  hydrogen-ion  concentration 
in  the  solution  and  on  their  removal  by  boiling.  This  method  was  in- 
vestigated in  this  laboratory  by  Dr.  W.  C.  Bray  and  Mr.  R.  D.  Gale,  and 
was  modified  so  as  to  make  the  tests  for  iodide  and  bromide  more  simple 
and  ddicate.    The  modification  consisted  in  adjusting  the  acid  concen- 

'  Z,  anorg.  Chem,,  i,  144,  248  (1892). 

'  See  Crotogino,  Z,  anarg.  Chem,,  24, 231  (1900).     Bdttger,  QucU,  Anal.,  387  (1908). 
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trations  so  that  iodine  and  bromine  were  successively  liberated  at  room 
temperatm-e  and  in  shaking  them  out  into  a  solvent  such  as  chloroform.^ 

For  the  detection  of  nitric  acid  the  usual  ring  test  with  ferrous  sulfate 
and  stilftuic  add  was  f otmd  not  to  be  delicate  enough  to  detect  even  five 
milligrams  with  certainty.  The  highly  characteristic  and  delicate  test 
based  on  its  reduction  to  nitrous  acid  by  boiling  with  ferrous  sulfate  and 
on  the  reaction  of  the  nitrous  acid  in  the  distillate  with  potassium  iodide 
was  therefore  adopted. 

5.  As  stated  above,  supplementary  tests  must  be  made  with  the  original 
substance  in  cases  where  sulftu'ous  acid  is  found  in  the  first  distillate  or 
where  chlorine  is  fotmd  in  either  the  first  or  second  distillate,  to  determin 
the  nature  of  the  acidic  constituents  from  which  these  substances  origi- 
nated. For  these  tests  the  solution  is  prepared  by  treating  the  substance 
either  with  water  or  (in  order  to  free  it  from  predpi table  bases)  with  so- 
dium carbonate  solution,  filtering,  and  addifying  slightly  with  acetic  add. 

For  the  detection  of  sulfite  and  thiosulfate  in  this  solution  the  method 
of  Autenrieth  and  Windaus*  is  used,  which  is  based  on  the  fact  that  sulfite 
is  predpitated  by  strontitun  nitrate,  while  thiosulfate  is  not.  The  latter 
constituent  is  then  readily  detected  in  the  filtrate  by  the  separation  of 
sulfur  which  occurs  on  adding  hydrochloric  add. 

For  the  detection  of  hypochlorite,  its  characteristic  power  of  oxidizing 
lead  salts  to  brown  lead  dioxide  is  made  use  of.  Chlorate  is  detected  in 
the  presence  of  hypochlorite  or  halides  by  reducing  the  former  to  chloride 
with  sodium  arsenite,  predpitating  all  the  halide  present  by  silver  ni- 
trate, filtering,  and  adding  sulfiu-ous  acid  to  the  filtrate  to  reduce  the 
chlorate  to  diloride. 

Supplementary  tests  for  certain  non-volatil  addic  constituents  and  for 
fluoride  are  also  provided  for.  Phosphate,  if  not  already  detected  in 
the  analysis  for  the  basic  constituents,  is  tested  for  in  nitric  add  solution 
in  the  usual  way  with  anunonium  molybdate.  The  most  satisfactory 
method  of  testing  for  boric  add,  so  as  to  afford  at  the  same  time  a  rough 
estimate  of  its  quantity,  seemed  to  be  to  heat  the  dry  substance  with 
methyl  alcohol  and  sulfuric  acid,  to  collect  the  distillate  in  a  mixture  of 
methyl  alcohol  and  concentrated  hydrochloric  acid,  and  to  add  to  it  tur- 
meric solution.'  Under  these  conditions  an  orange  or  red  color  results 
when  borate  is  present.  Fluoride  is  tested  for  by  the  Berzdius 
method  of  heating  the  dry  substance  in  a  tube  with  iindy  divided  silica 
and  add  potassitmi  sulphate,  and  noting  whether  a  deposit  of  silica  forms 
on  the  cold  part  of  the  tube. 

^  Compare  the  volumetric  method  of  titratuig  iodide  described  by  Bray  and  Mac- 
Kay,  Tms  Journal,  3a,  1193  (19x0). 

'  Z.  anal,  Chem,,  $%  290  (1898).    See  Bottger,  Qual,  Analyse,  382  (1908). 

'  A  quantitative  method  based  on  this  color  reaction  has  been  described  by  Heb«- 
brand  (Z.  Nakr.  und  Genussm.,  5,  56  (1903)). 
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Finally  provision  is  made  for  analyzing  silicates  and  other  substances 
that  are  not  decomposed  in  the  phosphoric  acid  distillation,  by  fusing 
them  with  sodium  carbonate  and  testing  the  aqueous  extract  for  the 
acidic  constituents  that  are  likely  to  be  present,  namely  for  silicate,  sul- 
fate, phosphate,  borate,  fluoride,  and  chloride. 

6.  As  has  been  done  throughout  this  System  of  Analysis,  the  process 
has  been  described  in  such  a  way  as  to  provide  for  the  case  that  every  con- 
stituent is  present,  it  being  left  to  the  analyst  to  shorten  it  when  certain 
constituents  are  proved  absent  in  the  course  of  the  anal3rsis  or  when  in- 
formation in  regard  to  the  character  and  source  of  the  material  excludes 
their  presence.  This  method  of  presentation  often  makes  the  process 
seem  longer  than  it  is  in  practice;  and  this  is  especially  true  of  this  part 
which  treats  of  the  detection  of  the  acidic  constituents;  first,  because  many 
of  these  are  mutually  exclusive,  like  hydrosulfuric,  sulfurous,  and  nitrous 
acids,  and  free  halogens;  secondly,  because  the  nature  of  the  metallic 
element  considered  in  connection  with  the  solubility  of  the  substance 
often  makes  the  presence  of  certain  of  them  impossible;  and  thirdly, 
because  the  nature  of  source  of  the  substance,  especially  when  it  is  a  min- 
eral or  metallurgical  product,  excludes  many  of  them. 

7.  Attention  may  finally  be  called  to  a  simple  modification  of  this  plan 
for  detecting  the  acidic  constituents  which  it  may  be  thought  preferable 
to  adopt  as  the  general  procedure,  and  which  at  any  rate  it  may  be  ad- 
visable to  employ  in  the  anal3rsis  of  certain  classes  of  substances,  for  ex- 
ample of  minerals  not  much  acted  upon  by  acids.  The  modification  re- 
ferred to  consists  in  using  the  phosphoric  acid  distillation  only  for  de- 
tecting the  very  volatil  or  readily  decomposable  acids  (carbonic,  hydro- 
sulfuric, sulfurous,  hydrocyanic,  nitrous,  and  oxyhalogen  acids),  and  in 
testing  for  the  other  acids  (hydrochloric,  hydrobromic,  hydriodic,  nitric, 
chloric,  oxalic),  which  pass  over  (as  such  or  as  decomposition  products) 
into  the  second  phosphoric  acid  distillate,  not  in  that  distillate,  but  in 
an  acid  solution  prepared  directly  from  the  original  substance  (or  from  a 
fusion  of  it  with  sodium  carbonate).  This  is  possible,  since  the  tests 
for  these  last  acidic  constituents  can  all  be  made  in  acid  solution,  and 
since  they  are  not  interfered  with  by  the  presence  of  basic  constituents. 
This  modification  might  considerably  simplify  the  formal  description  of 
the  procedure  and  facilitate  its  comprehension  by  beginners.  Attention 
is  called  to  it  also  for  the  sake  of  emphasizing  the  ideas  that  the  distilla- 
tion procedure  is  especially  valuable  for  detecting  the  readily  volatil 
acids,  and  that,  whether  or  not  it  is  well  to  adopt  it  entirely,  it  affords  a 
far  more  satisfactory  method  of  testing  for  those  acids  than  does  the 
usual  plan  of  liberating  them  in  an  open  tube  by  warming  with  hydro- 
chloric or  concentrated  sulfuric  acid  and  examining  the  vapor  as  to  its 
^-^or  or  color  or  as  to  its  effect  on  test  papers  or  suspended  drops  of  liquids. 
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Procedures  and  Notes. 

Distillation  with  Phosphoric  Acid. 

Procedure  loi. — Place  2  grams  of  the  finely  powdered  substance  and  a 
few  glass  beads  in  a  100  cc.  round  bottomed  Jena  flask  fitted  with  a  rub- 
ber stopper  through  which  pass  a  straight  tube  20-30  cm.  long  leading  to 
the  bottom  of  the  flask  and  a  delivery  tube.  Fasten  the  flask  in  posi- 
tion at  an  angle  of  about  60°.  Lead  the  end  of  the  delivery  tube  through 
a  two-hole  stopper  into  40  cc.  of  nearly  saturated  Ba(OH),  solution 
contained  in  a  100  c^c.  flask  supported  in  a  large  beaker  of  cold  water. 
Boil  in  a  small  flask  for  about  a  minute  a  mixture  of  25  cc.  water  and  10 
cc.  85%  HjPO^  (to  expel  any  CO,  present  in  it) .  Pour  this  mixture  into 
the  distilling  flask  with  the  aid  of  a  small  funnel  connected  with  the  long, 
straight  tube.  Heat  the  mixture  to  boiling,  distil  till  about  10  cc.  have 
passed  over,  and  then  remove  the  distillate.  (White  precipitate,  pres- 
ence of  carbonate  or  some  sulfur-containing  constituent,) 

Cool  the  distillate  and  make  it  slightly  acid  with  acetic  add.  (Com- 
plete or  partial  solution  of  the  precipitate,  presence  of  carbonate;  residue 
(S  or  BaSOj),  presence  of  free  sulfur ,  sulfide,  sulfite,  or  thiosulfate)^.  If 
there  is  a  residue,  treat  one-half  of  the  mixtiue  immediately  by  P.  102, 
and  separate  portions  of  the  remainder  by  P.  103,  104,  105,  and  106. 
If  there  is  no  residue,  treat  separate  portions  of  the  whole  distillate  by 
P,  103,  104,  105  and  106. 

Introduce  the  end  of  the  delivery  tube  of  the  distilling  flask  into  an- 
other receiver  containing  35  cc.  water.  Continue  the  distillation  until 
the  phosphoric  acid  becomes  syrupy,  boils  more  quietly,  and  begins  to 
give  off  fine  white  fumes.     Treat  this  distillate  as  directed  in  P.  107. 

To  the  contents  of  the  distilling  flask,  while  still  warm,  add  5-10  grams 

of  copper  filings  or  turnings.     Distil  for  3-5  minutes  longer,  collecting  the 

distillate  in  15  cc.  of  water.     Note  the  odor  of  the  distillate,  and  treat  it 

by  P.  112. 

Notes. — I.  Since  many  of  the  tests  for  the  different  acids  must  be  made  in  separate 
portions  of  the  distillate,  a  larger  sample  is  taken  than  for  the  analysts  of  the  metallic 
elements,  in  order  that  detectable  amounts  may  be  present  in  these  separate  portions. 

2.  It  is  necessary  to  use  a  Jena  glass  flask,  since  one  of  ordinary  glass  is  quickly 
destroyed  by  the  action  of  hot,  concentrated  phosphoric  acid.  The  boiling  is  some- 
times violent,  especially  when  much  insoluble  material  is  present.  The  addition  of 
the  glass  beads  serves  to  reduce  the  bumping;  and  placing  the  flask  in  a  slightly  in- 
clined position  prevents  material  from  being  thrown  over  into  the  distillate,  which 
would  lead  to  error  in  the  subsequent  tests.  In  any  case  in  which  it  seems  possible 
that  some  of  the  boiling  liquid  has  been  thrown  over  into  the  distillate,  a  small  portion 
of  the  latter  should  be  tested  for  phosphate  by  adding  an  equal  volume  of  (SH^J^oO^ 
solution  (see  P.  115). 

3.  The  point  at  which  the  second  distillation  should  be  stopped  is  fairly  distinct. 

^  Such  statements  always  refer  to  the  presence  of  the  constituent  in  the  original 
substance,  unless  otherwise  stated. 
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The  chief  indkAtioiis  of  this  point  are  that  the  phosphoric  acid  has  beoome  syntpy, 
that  the  boiling  takes  place  more  quietly,  and  that  a  hotter  flame  is  required  to  main- 
tain it.  Also  fine  white  fumes  usually  begin  to  appear,  but  they  are  not  always  plainly 
▼isible. 

4.  The  saturated  Ba(OH)a  solution  in  which  the  first  distillate  is  collected  is  best 
prepared  by  adding  40  grams  of  the  commercial  crystallized  hydrate  to  500  cc.  of 
boiling  water,  boiling  3  or  3  minutes,  allowing  the  solution  to  cool  and  stand  over  night 
in  a  high,  narrow  vessel,  and  siphoning  off  the  dear  solution.  The  solution  should,  of 
course,  be  protected  from  the  air  as  much  as  possible  during  the  whole  process.  A 
mixture  of  BaCl,  and  NH4OH  can  not  well  be  substituted  for  the  Ba(OH)„  since  the 
ammonium  acetate  produced  by  the  subsequent  neutralization  prevents  the  pre- 
cipitation of  a  small  quantity  of  BaCO,. 

5.  Phosphoric  add,  which  is  ionized  into  H*^  and  H,PO«~  to  a  moderate  extent 
(about  27%  in  o.i  molal  solution),  displaces  almost  completely  from  their  salts 
(unless  these  are  very  difficultly  soluble)  the  much  less  ionized  adds,  H,CO,,  HNO„ 
HjS,  HQO,  HCN.  HF,  and  H,BO.,  and  also  to  a  large  extent  the  moderately  ionized 
HgSO,.  Since  all  these  adds,  except  HP  and  H,BO„  volatilize  readily  out  of  aqueous 
solution,  they  pass  over  almost  or  quite  completely  into  the  first  distillate,  HCIO  in 
the  presence  of  chloride  giving  Cl^  The  largely  ionized  adds,  HCU,  HBr,  HI,  HSCK, 
HNO„  HQO,,  H,Fe(CN).,  and  H«Fe(CN)e,  are  not  found  in  any  considerable  pro- 
portion in  the.  first  distillate,  since  they  are  displaced  from  their  salts  much  less  com- 
pletdy,  and  since  in  addition  they  are  much  less  volatil.  Of  these  the  first  five  pass  over 
unchanged  and  almost  completely  into  the  second  distillate;  for  after  the  HaPO«  has 
become  fairly  concentrated,  the  adds  are  displaced  to  a  greater  extent  and  volatilize 
more  readily  in  consequence  of  the  higher  temperature  at  which  the  mixture  boils 
and  the  smaller  proportion  of  water  it  contains.  From  the  stronger  H,PO«  solution 
HF  also  passes  over  in  large  quantity;  but  this  is  not  true  of  H,BO,  and  H^S04,  which 
volatiliEe  only  in  insignificant  amounts  even  when  the  add  has  become  nearly  anhydrous. 
The  three  adds,  HGO,,  n;Pe(CS)^  and  H,Fe(CN)e,  are  not  volatil  as  such,  but  are 
decomposed  by  the  HaPO^  after  it  becomes  fairly  concentrated — ^HCIO,  with  formation 
of  CI,  and  HO,  HaFe(CN)«  and  H^FeCCN).  with  formation  of  free  HCN.  In  regard 
to  the  adds  that  may  be  present  in  the  two  distillates,  see  also  G.  D.,  Section  2,  and 
Tables  XI  and  XII. 

6.  The  barium  salts  of  all  the  adds  passing  into  the  first  distillate,  except  the 
carbonate  and  sulfite,  remain  in  solution.  Phosphoric  add,  if  thrown  over  mechanically, 
would,  however,  also  give  a  predpitate.  Sulfur,  when  present  in  the  free  state  or  when 
liberated  from  a  polysulfide  or  thiosulfate,  volatilizes  with  the  steam,  and  gives  a  turbid 
appearance  to  the  water  condensed  in  the  delivery  tube  and  to  the  barium  hydroxide 
sohition,  by  which  it  is  little  acted  on  in  the  cold.  Chlorine  is  converted  by  the  barium 
hydroxide  into  barium  chloride  and  hypochlorite;  bromine,  into  bromide,  hypobromite, 
and  bromate;  and  iodine,  mainly  into  iodate  and  iodide. 

7.  On  addifying  the  first  distillate  slightly  with  acetic  add,  BaCO,  dissolves,  but 
BaSO,  does  not.  This  difference  in  behavior  is  due  to  the  fact  that  hydrocarbonate- 
ion  (HCO,")  is  much  less  ionized  than  hydrosulfite-ion  (HSO,~).  Sulfur,  if  present, 
also  remains  undissolved.  The  addition  of  acxtic  add  causes  the.  liberation  almost  at 
once  of  chlorine,  bromine,  or  iodine  from  a  mixture  of  hypochlorite  and  chloride, 
hypobromite  and  bromide,  or  iodate  and  iodide;  but  bromine  is  set  free  ^omewhat 
more  slowly  from  a  mixture  of  bromate  and  bromide. 

8.  A  small  predpitate  obtained  in  this  procedure  (or  in  the  following  one)  does 
not  prove  the  presence  of  carbonate  in  the  mixture  unless  the  prescribed  precautions 
are  carefully  observed — namely,  the  boiling  of  the  original  phosphoric  add  solution, 
and  avoiding  the  exposure  to  the  air  of  the  various  solutions,  especially  that  of  barium 
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hydroxide.  Even  with  these  precautions,  however,  it  is  seldom  possible  to  prevent 
the  absorption  of  enough  carbon  dioxide  to  produce  a  slight  turbidity  in  the  barium  by- 
dioxide  solution. 

g.  Upon  boiling  the  H,PO,  with  the  copper,  H^O,,  if  present,  is  reduced  to  H^O,; 
and  this  passes  over  into  the  distillate  in  the  form  of  SO,  gas.  Less  than  i  mg.  SO, 
can  be  detected  by  this  process  of  distillation.  The  copper  should  be  finely  divided 
and  should  be  added  while  the  hquid  is  still  warm,  since  on  cooling  it  solidifies  to  a 
glassy  mass,  which  consists  of  pyrophosphoric  acid  (H,P,0,).  The  heating  should 
be  continued  for  5-10  minutes;  but,  if  much  more  prolonged,  the  contents  of  the  fiaslc 
change  to  a  solid  mass,  owing  to  conversion  of  the  pyro  to  metaphosphoric  acid  (HPO,  , 
which  can  afterwards  be  removed  only  with  much  difficulty. 

10.  With  reference  to  the  analysis  of  the  first  and  second  disdUate,  provided  for 
in  the  subsequent  procedures,  certain  facts  are  to  be  noted  which  in  many  cases  greatly 
reduce  the  number  of  these  special  tests  which  it  is  necessary  to  make.  In  the  first 
place,  some  of  the  acids  are  incompatible  with  each  other,  so  that  when  certain  ones 
are  found,  others  need  not  be  tested  for:  thus  in  the  acidified  distillate  H^  can  not  be 
present  with  H^„  HNO„  or  free  halogen;  HNO,  and  H^,  can  not  be  associated 
with  each  other  or  with  free  halogen,  etc.  Secondly,  the  nature  of  the  metallic  ele- 
ments taken  in  connection  with  the  solubility  of  the  substance  often  excludes  cerbun 
acidic  constituents;  thus  in  a  substance  contiuning  barium  and  soluble  in  water  or  very 
dilute  acid,  sulfate  can  not  be  present;  in  a  water-soluble  substance  cont^nlng  silver, 
none  of  the  adds  precipitated  by  silver  nitrate  can  be  present.  Thirdly,  the  general 
character  or  known  source  of  the  substance  may  make  many  of  the  tests  unnecessary; 
thus,  it  is  useless  to  test  a  mineral  for  nitrite,  sulfite,  oxyhalogen  salts,  ^mple  or  com- 
plex cyanides,  oxalate,  or  other  organic  salt.  The  analyst  should,  therefore,  always 
consider  these  aspects  of  the  problem,  shortening  the  procedure  in  such  ways  as  his 
knowledge  makes  possible. 

Analysis  of  the  First  DistHlate. 
Procedure    102.— Detection    of    Carbonate    and    Sulfur-containing    Con- 
siituenls. — To  one-half  of  the  first  distillate  (P.  loi),  if  there  was  a  resi- 
due on  adding  acetic  acid,  add  1-2  cc.  HCl  (i .  12).     (Residue,  presence  of 
free  svlfur,  sulfide,  or  thiositlfate.)     Filter,  and  add  to  the  filtrate  satura- 
ted bromine  solution  till  the  liquid  becomes  slightly  yellow.     (White  pre- 
cipitate, presence  of   sulfite   or   tkiosulfale.)     Transfer  the  mixture  to  a 
pparatus  such  as  is  used  in  P.  loi,  first  filtering  out  the  pre- 
it  is  large,  distil  for  a  minute  or  two,  collecting  the  vapors  in 
:urated   Ba{OH)j   solution.     (White   precipitate,   presence   of 
Acidify  slightly,  with  acetic  acid.     (Solution  of  the  precipi- 
ice  of  carbonate.) 

,  is  found  in  the  distillate,  treat  a  fresh  portion  of  the  original 
ay  P.  1 19,  to  determin  whether  it  comes  from  a  sulfite  or  thio- 

■t.  See  P.  lOi,  N.  6-8.  Since  H,SO,  slowly  oxidizes  to  H^,  in  the  air, 
should  be  treated  with  HCl  at  once.  If  any  R,SO,  has  been  formed  in 
will  be  precipitated  as  BaSO,  before  the  addition  of  Br^  Care  must  be 
[  enough  Br,  to  complete  the  oxidation,  since  otherwise  in  the  subsequent 
O,  will  distil  over  and  might  be  mistaken  for  carbonate. 
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2.  If  there  is  a  large  precipitate  of  BaS04,  it  is  filtered  out,  sinoe  otherwise  it  is 
difficult  to  avoid  violent  bumping  during  the  distillation.  Exposure  to  the  air  should, 
however,  be  avoided  so  far  as  possible,  so  that  CX>,  may  not  be  absorbed  from  it. 

3.  A  residue  of  sulfur  may  arise  from  the  presence  in  the  substance  of  free  sulfur, 
of  a  persulfide,  of  an  ordinary  sulfide  together  with  some  oxidizing  substance,  or  of  a 
thiosulfate. 

Procedure  103. — Detection  of  Nitrite  and  Constituents  Yielding  Free 
Halogen. — ^To  one-fourth  of  the  first  distillate  (P.  loi),  or  of  what  remains 
of  it  (P.  102),  add  1-2  cc.  30%  acetic  acid  and  2-3  cc.  of  chloroform, 
and  shake  vigorously.  (Purple  coloration  of  the  chloroform,  presence  in 
the  distillate  of  free  iodine;  yellow  or  orange  coloration,  of  free  bromine.) 

If  there  is  no  coloration,  pour  about  a  third  of  the  aqueous  layer  into  a 
test  tube,  add  i  cc.  chloroform  and  a  few  drops  1%  KI  solution,  and  let 
the  mixture  stand  for  5  minutes,  noting  whether  the  color  due  to  liberated 
iodine  increases.  (Purple  color,  presence  in  the  distillate  of  chlorine  or 
nitrous  acid;  no  color,  absence  of  nitrite  in  the  substance.) 

If  there  is  a  coloration  after  the  addition  of  KI,  test  a  i  cc.  portion  of 
the  first  distillate  (P.  loi)  for  nitrite  by  P.  104. 

If  these  tests  show  the  absence  of  nitrite  and  the  presence  of  free  halo- 
gen, but  do  not  warrant  definit  conclusions  as  to  the  presence  or  absence 
of  each  one  of  the  three  halogens,  proceed  as  follows:  Add  5  cc.  HNO, 
(1.20)  to  the  remaining  two- thirds  of  the  aqueous  layer,  separate  the 
chloroform  from  it  by  means  of  a  separating  funnel,  shake  that  layer  a 
second  and  third  time  with  3  cc.  of  fresh  chloroform,  and  separate  the 
layers  sharply  again.  Unite  the  three  portions  of  chloroform,  wash  it 
once  in  the  separating  funnel  by  shaking  it  with  about  one-third  its  vol- 
ume of  HNOg  (1.05),  add  the  chloroform  to  an  equal  volume  of  HaSO, 
solution  in  a  separating  funnel,  shake,  draw  off  and  reject  the  chloroform 
layer,  and  test  the  aqueous  layer  for  bromide  and  chloride  by  P.  1 10. 

If  free  halogen  is  found  present  in  the  distillate,  treat  fresh  portions 
of  the  original  substance  for  hypochlorite  by  P.  117  and  for  chlorate  by 
P.  118. 

Notes. — I.  For  the  reactions  between  the  halogens  and  barium  hydroxide  and 
their  reformation  on  acidifying  with  acetic  add,  see  P.  loi,  N.  6  and  7. 

2.  The  free  halogens  distribute  themselves  between  the  chloroform  and  water 
phases.  In  the  case  of  pure  bromine  or  iodine  the  ratio  of  the  concentration  in  the 
chloroform  to  that  in  the  water  layer  is  very  large  and  is  almost  independent  of  the 
concentration.  This  is  in  accordance  with  the  so-called  distribution  law,  which  re- 
quires that  the  ratio  of  the  concentrations  of  a  given  molecular  species,  such  as  Br, 
or  I^  in  the  two  solvents  be  constant.  When  an  iodide,  like  HI,  is  also  present,  the 
proportion  of  iodine  extracted  by  the  chloroform  is  greatly  reduced,  since  the  iodine 
in  the  aqueous  layer  is  largely  combined  with  the  iodide  in  the' form  of  the  triiodide 
(HI,) ;  but  it  is  still  sufficient  to  make  the  color  test  a  very  delicate  one. 

3.  The  characteristic  purpk  color  given  to  chloroform  is  so  delicate  a  test  that 
even  0.05  mg.  of  iodine  in  the  solution  tested  can  be  detected  by  this  procedure.  Bro- 
mine may  be  detected,  but  only  in  the  absence  of  iodine,  by  the  orange  or  yellow  color 
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of  the  chloroform  layer  when  not  less  than  0.5  mg.  of  bromine  is  present  in  the  solution 
tested.  (If  a  few  drops  of  KI  solution  be  added  to  one-third  of  the  chloroform  layer, 
the  more  intense  color  of  the  iodine  liberated  will  enable  a  smaller  quantity  of  bromine 
to  be  detected.)  Chlorine  gives  no  decided  color  to  the  chloroform,  but  like  bromine 
causes  liberation  of  iodine  on  the  addi  ion  of  KI.  For  extracting  the  halogens  from 
aqueous  solutions  carbon  tetrachloride  or  carbon  disulfide  may  be  used  inat^^u^  of 
chloroform;  but  carbon  disulfide  has  the  disadvantage  of  hang  highly  inflammable. 

4.  Nitrous  acid,  like  bromine  or  chlorine,  liberates  iodine  from  KI.  The  reaction 
is  delicate  enough  to  enable  o.i  mg.  NO,  to  be  detected  in  the  solution  tested.  A 
peculiarity  of  this  reaction  is  that  the  nitric  oxide  which  is  form-^d  by  it  is  rapidly  re- 
oxidized  by  the  oxygen  of  the  air  to  nitrous  acid,  which  then  reacts  with  the  iodide  so 
that  a  continuous  liberation  of  iodine  results.  Thus  the  nitrous  add  acts  as  a  catalyser 
of  the  reaction  between  oxygen  and  HI.  This  progressive  liberation  of  iodine  is  highly 
characteristic  of  nitrous  add,  but  renders  it  difficult  to  estimate  the  amount  of  it 
present.  Since  this  behavior  may  not  be  a  condusive  indication  of  nitrous  add,  a 
fresh  portion  of  the  distillate  is  tested  for  it  by  P.  104. 

5.  If  nitrous  add  is  found  in  the  distillate,  it  shows  the  absence  of  free  halogens, 
since  nitrous  add  is  oxidized  by  chlorine  or  bromine  very  rapidly  at  room  temperature 
and  by  iodine  during  the  distillation  with  phosphoric  add. 

6.  An  aqueous  solution  of  chlorine  contains  a  considerable  proportion  of  HQO 
and  HCl,  suffident  to  satisfy  the  equilibrium  conditions  of  the  reaction  Q,  +  H,0  «• 
HCIO  +  H+  +  CI**.  Since  the  proportion  present  as  CI,  decreases  with  decreasing 
hydrogen-ion  concentration,  and  since  only  the  CI,  dissolves  in  the  chloroform,  the 
quantity  of  chlorine  extracted  from  a  nitric  add  solution  must,  in  accordance  with  the 
distribution  law,  be  much  larger  than  from  an  acetic  add  solution.  In  order,  however, 
to  extract  small  amounts  of  chlorine  nearly  completely  it  is  necessary  to  add  diloride 
as  well  as  the  add. 

7.  When  free  halogen  is  detected  by  these  tests  it  shows  dther  that  the  halogen 
was  present  in  the  original  substance  in  the  free  state,  or  (what  is  more  common)  that 
it  was  liberated  during  the  distillation  with  phosphoric  add,  from  a  halide  by  the 
action  of  some  oxidizing  substance,  or  from  an  oxyhalogen  salt  (such  as  a  hypodilorite, 
chlorate,  bromate,  etc.),  by  spontaneous  decomposition  or  by  reaction  vritfa  some 
reducing  substances.  When  free  halogen  is  found  in  the  distillate,  a  portion  of  the 
original  substance  is  therefore  further  tested  (by  P.  117  and  118)  to  determin  from 
what  source  the  halogen  originated. 

Procedure  104. — Detection  of  Nitrite. — If  the  results  of  P.  103  show 
that  the  first  distillate  may  contain  HNO3,  determin  its  presence  or  ab- 
sence as  follows:  Pill  a  weighing  tube  with  a  20%  solution  of  tu^a  in 
HCl  (i .  12),  and  invert  it  over  a  small  dish  containing  more  of  the  same 
solution.  Introduce  i  cc.  of  the  first  distillate  (P.  loi)  into  the  weighing 
tube  by  means  of  a  small  tube  which  has  one  end  closed  with  a  rubber 
nipple  and  the  other  end  drawn  out  and  bent  so  as  to  form  a  small  U. 
Take  care  not  to  introduce  an  air  bubble  at  the  same  time.  (Formation 
of  gas,  presence  of  nitrite.) 

Notes. — I.  The  reaction  between  urea  and  nitrous  add  is 

CO(NH,),  +  2HNO,  -  CO,  +  2N,  +  3H,0. 
The  N,  is  liberated  in  the  form  of  minute  bubbfes  whidi  collect  at  the  top  of  the  tube. 
When  much  CO,  is  produced,  it  also  separates  as  a  gas;  but  a  small  quantity  remains 
dissolved  in  the  liquid.    The  amount  of  nitrite  present  may  be  estimated  by  making 
a  comparative  test  with  a  known  quantity  of  nitrite. 
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3.  This  procedure  enables  o.i  mg.  NO,  in  the  i  oc  of  solution  tested  to  be  de- 
tected; but  since  such  a  smaU  portion  of  the  distillate  is  used  a  more  delicate  test  may 
be  desirable.  If  so,  make  a  larger  amount  of  the  distillate  sli^tly  alkaUn  with  NaOH, 
evaporate  it  to  about  x  cc.,  addify  with  a  drop  or  two  of  HCl,  and  treat  this  solution 
as  described  in  the  procedure.  In  this  process,  before  evaporating  the  solution,  it  is 
made  aUcalin  so  as  to  avoid  loss  of  HNO,.  The  mixture  is  afterwards  acidified  so 
that  carbonic  add  may  be  expelled  from  it  before  it  is  introduced  into  the  tube. 

3.  The  halogens,  chlorine,  bromine,  and  iodine,  when  dissolved  in  alkali  decompose 
urea  with  evolution  of  nitrogen,  but  they  do  not  do  so  when  dissolved  in  concentrated 
HCl.  They  do  not  therefore  interfere  with  the  test  when  carried  out  as  above  de- 
scribed. 

4.  Since  all  nitrites  are  at  least  moderately  soluble  in  water,  this  test  may  be 
made  with  an  aqueous  solution  or  aqueous  extract  of  the  original  substance.  The 
test  should  be  so  made  wb^  the  nature  of  the  substances  present  makes  it  possible 
that  nitrous  add  may  have  been  completdy  decomposed  during  the  distillation  with 
HjPO^. 

Procedure  ioS»— Detection  of  Sulfide.— To  one-half  of  what  still  remains 

of  the  first  distillate  (P.  loi),  add  2  cc.  10%  Cd(NOa)a  solution.     (Yellow 

precipitate,  presence  of  sulfide,) 

Notes, — I.  The  presence  of  H«S  is  usually  detected  in  the  distillate  by  its  odor; 
but  the  precipitation  of  CdS  from  a  weakly  add  solution  has  the  advantage  of  enabling 
the  amount  of  sulfide  to  be  approximately  estimated.  When  this  test  is  applied  to  a 
strongly  add  solution  from  any  other  source,  sodium  acetate  should  also  be  added. 

2.  A  negative  test  for  HgS  in  the  first  distillate  does  not  prove  the  absence  of 
sulfide  in  tlie  original  substance,  unless  the  latter  has  dissolved  completely  in  the  dilute 
H,P04;  for  some  difficultly  soluble  sulfides,  such  as  CuS,  are  decomposed  only  when  the 
HgP04  becomes  concentrated,  as  it  does  in  the  latter  part  of  the  distillation.  It  is  there- 
fore directed  in  P.  107  and  1 12  to  test  also  the  second  and  third  distillates  for  sulfide. 

Procedure  io6. — Detection  of  Cyanide, — Place  what  remains  of  the  first 

distillate  in  a  casserole;  add  1-2  cc.  10%  NaOH  solution,  about  0.5  cc. 

10%  FeSO^  solution  (or  about  o.  i  g.  solid  FeS04.7H,0),  and  i  or  2  drops 

10%  PeQ,  solution;  and  boil  for  one  minute.    To  the  hot  mixture  add 

HQ  (i .  12)  a  few  drops  at  a  time  until  on  shaking  the  dark  colored  pre* 

cipitate  of  ferrous  and  ferric  hydroxides  is  dissolved.  Cool  the  mixture. 

If  a  precipitate  is  not  plainly  visible,  filter,  and  wash  out  the  filter  paper 

once  with  water.     (Blue  precipitate,  presence  of  cyanide,) 

Notes, — I.  This  test  is  based  upon  the  formation  of  ferrocyanide  by  the  action  of 
cyanide  on  ferrous  hydroxide  and  upon  the  reaction  between  this  substance  and  the 
ferric  salt  whereby  ferric  ferrocyanide  (Prusskn  blue)  is  formed,  which  is  difficultly 
soluble  in  dilute  hydrochloric  add. 

2.  A  small  predpitate  is  not  readily  detected  in  the  hot  reddish  yellow  solution, 
but  is  more  easily  seen  in  the  cold  light  colored  solution,  especially  after  standing,  or 
when  collected  on  a  filter.  If  the  predpitate  on  the  filter  is  not  dark  blue,  it  should 
be  washed  with  a  little  hot,  dilute  hydrochkxcic  add.  With  these  precautions,  the  test 
enables  0.2  mg.  CN  in  the  solution  tested  to  be  detected. 

3.  Cyanides  may  be  present  in  the  original  substance  in  the  form  dther  of  simple 
or  of  complex  cyanides.  The  latter  are  diaracterized  by  complex  anions  (such  as 
Ag(CN),-  and  Pe(CN),'""').  These  differ  very  greatly  hi  thdr  stability  towards 
decomposing  agents,  the  difference  depending  on  the  extent  to  which  they  are  disso- 
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dated  into  the  simple  ions  (Ag"*"  and  CN"  or  Fe"'"'"  and  "CN").  Ferrocyanides,  ferri- 
cyanides,  and  cobalticyanides  are  so  slightly  dissociated  in  this  way  that  scarcely  any 
HCN  is  produced  when  dilute  HCl,  HNO„  or  H^04  is  added  to  their  cold  solutions; 
but  almost  all  the  other  complex  cyanides  (such  as  KAg(CN),  or  K^i(CN)4)  are 
readily  decomposed  by  these  adds. 

In  the  distillation  with  phosphoric  add  (P.  loi),  not  only  the  simple  cyanides, 
but  also  nearly  all  the  complex  cyanides  are  decomposed  during  the  first  part  of  the 
distillation;  but  a  few  very  stable  substances  (such  as  Prussian  blue)  are  completely 
decomposed  only  in  the  second  part  of  the  distillation.  A  further  test  for  cyanide 
with  a  portion  of  the  second  distillate  is  therefore  necessary  when  such  complex  cyanides 
may  be  present. 

4.  The  following  procedure  enables  2  mg.  cyanide  to  be  detected  in  the  presence 
of  ferro  or  ferricyanide:  Place  in  a  20  cc.  distilling  flask  provided  with  a  thistle  tube 
0.5-1  gram  of  the  original  substa^ce,  2  grams  powdered  CaCX)^,  and  10  cc.  water. 
Add  very  gradually  through  the  thistle  tube  2  cc.  HQ  (1.12),  enough  to  decompose 
some,  but  not  all  of  the  CaCO,.  Allow  the  gas  which  is  evolved  to  pass  into,  a  small 
test  tube  containing  3  cc.  10%  NaOH  and  3  cc.  water.  Finally  heat  the  contents  of 
the  flask  almost  to  boiling.  Test  the  NaOH  solution  for  cyanide  by  P.  106.  This 
separation  depends  upon  the  fact  that  HCN  is  displaced  by  HjCO,  from  simple  cyanides 
and  from  the  relatively  unstable  complex  cyanides,  such  as  Ag(CN)s~  or  Ni(CN)4'*, 
but  not  from  ferro  or  ferricyanides. 

5.  Perrocyanide  and  ferricyanide  may  be  detected  and  distinguished  from  eadi 
other  when  only  one  of  them  is  present,  by  adding  a  ferric  salt  to  one  portion  of  an 
aqueous  or  dilute  add  solution,  and  by  adding  ferrous  salt  to  another  portion  of  the 
solution.  A  ferric  salt  gives  a  blue  predpitate  of  ferric  ferrocyanide  with  ferrocyanide, 
but  no  predpitate  with  a  ferricyanide.  A  ferrous  salt  gives  the  same  blue  predpitate 
(of  ferric  ferrocyanide)  with  a  ferricyanide;  but  it  also  gives  with  a  ferrocyanide  a 
predpitate  (of  ferrous  ferrocyanide),  which  is  white  if  no  ferric  salt  is  present,  but 
which  rapidly  turns  blue  in  contact  with  the  air. 

6.  Ferrocyanide  and  ferricyanide  may  be  detected  in  the  presence  of  each  other 
by  proceeding  as  follows:  Add  to  an  aqueous  or  dilute  solution  of  the  substance 
AgNO,  and  then  a  moderate  excess  of  NH4OH.  (White  predpitate  insoluble  in  NH«OH, 
presence  of  ferrocyanide.  Orange  to  red  predpitate  readily  soluble  in  NH^OH,  presence 
of  ferricyanide.)  Filter  out  and  wash  the  predpitate,  and  pour  over  it  a  little  Fed, 
solution.  (Blue  coloration,  presence  of  ferrocyanide.)  Addify  the  ammoniaral 
filtrate  with  acetic  add,  filter  out  and  wash  the  predpitate,  and  pour  through  the 
filter  containing  it  a  little  FeS04  solution  (orange  to  red  predpitate,  which  is  turned 
blue  by  the  FeS04,  presence  of  ferricyanide).  This  procedure  enables  0.2  mg.  Fe(CN), 
as  dther  ferro  or  ferricyanide  to  be  detected  when  present  alone;  but  the  test  for  ferri- 
cyanide is  much  less  delicate  in  the  presence  of  much  ferrocyanide. 

Analysis  of  the  Second  and  Third  Distillates. 

Procedure  I07. — Detection  of  Constituents  Precipitablc  by  Silver  Ni- 
irate. — ^To  one-eighth  of  the  second  distillate  add  i  cc.  HNO3  (1.20)  and 
I  cc.  4%  AgNOj  solution.  (White  precipitate,  presence  of  chloride^  cyan- 
ide ^  or  thiocyanaie;  yellowish  precipitate,  presence  of  bromide  or  iodide; 
black  precipitate,  presence  of  sulfide;  no  precipitate,  absence  of  all  these 
in  this  distillate.) 

If  there  is  a  precipitate,  test  separate  eighths  of  the  second  distillate 
for  sulfide  by  P.  105,  for  cyanide  by  P.  106  (see,  however,  Note  2),  and  for 
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thiocyanate  by  P.  108;  and  then  test  the  remainder  for  free  halogen  and 
halides  by  P.  109  and  iiO|  and  for  nitrate  by  P.  iii. 

If  there  is  no  precipitate,  test   the   distillate  for  nitrate  by  P.    iii. 

Notes. — I.  All  the  common  silver  salts,  except  the  halides,  cyanide,  thiocyanate, 
and  sulfide'  are  either  soluble  in  water  (as  are  the  nitrate,  sulfate,  chlorate,  and  fluoride) 
or  dissolve  readily  in  nitric  add  owing  to  displacement  of  the  weaker  acid  (as  do  the 
phosphate,  carbonate,  borate,  and  sulfite).  It  should  be  noted,  however,  that  salts 
of  weak  adds  are  not  necessarily  readily  soluble  in  a  strong  acid.  Thus  this  is  true 
of  AggS  and  AgCN,  which  are  predpitated  from  this  distillate,  if  H^  and  HCN  are 
present  in  it.  Silver  sulfide  does  not  dissolve  in  dilute  nitric  acid  because  its  solubility 
in  pure  water  is  so  extremely  small  that  there  is  only  a  very  minute  concentration  of 
S*"  ion  in  the  saturated  solution,  and  this  can  yield,  in  accordance  with  the  mass  action 
law,  only  a  relatively  small  concentration  of  SH"  and  unionized  H^  with  the  H"*"  ion 
of  the  HNO,.  Silver  cyanide  has  for  another  reason  a  very  slight  concentration  of  its 
anion  in  its  saturated  solution,  namely,  owing  to  the  fact  that  this  salt  exists  in  the 
solution  mainly  as  Ag+  and  Ag(CN),~,  and  scarcdy  at  all  as  Ag"^  and  CN~. 

2.  It  is  not  necessary  to  test  for  sulfide  and  cyanide  in  this  distillate  when  the 
original  substance  dissolved  completely  in  the  phosphoric  acid  during  the  first  part 
of  the  distillation.  When  it  does  not  so  dissolve,  HgS  and  HCN  (coming  from  complex 
cyanides)  may  be  found  wholly  or  in  part  in  the  second  distillate. 

Procedure  io8. — Detection  of  Thiocyanate. — If  AgNO,  produced  a  pre- 
cipitate (P.  107),  dilute  another  eighth  of  the  second  distillate  (P.  loi) 
to  5-10  cc,  add  2-3  drops  of  a  10%  FeCla  solution  and  2-3  drops  of  HQ 
(1.12).     (Red  color,  presence  of  thiocyanate.) 

Notes. — I.  The  red  coloration  arises  from  the  formation  by  metathesis  of  Fe(SCN)„ 
a  substance  whose  degree  of  ionization  is  relatively  small.  The  HCl  is  added  to  reduce 
the  hydrolysis  of  the  FeCl,  and  diminish  the  color  imparted  by  it  to  the  solution. 

2.  A  distinct  reddish  yellow  coloration  is  produced  by  o.i  mg.  SCN.  A  deep  red 
color  is  obtained  when  i  mg.  or  more  is  present. 

3.  Since  in  the  distillation  with  phosphoric  add,  thlocyanates  are  destroyed  by 
certain  oxidizing  agents,  such  as  nitrates,  which  do  not  act  on  it  at  ordinary  tem- 
peratures, it  is  sometimes  advisable  to  apply  this  test  also  to  a  solution  of  the  original 
substance. 

Procedture  xop, — Detection  and  Removal  of  Free  Halogens. — If  AgNO, 
gave  a  precipitate  in  P.  107,  to  two- thirds  of  the  remainder  of  the  second 
distillate  in  a  separating  ftinnel  add  2-3  cc.  chloroform  and  shake.  (Ptu*- 
ple  color,  presence  of  iodine\  orange  or  yellow  color,  presence  of  bromine,) 

If  the  chloroform  is  colorless,  separate  it  from  the  aqueous  layer.  Add 
to  the  chloroform  layer  a  few  drops  of  1%  KI  solution.  (Purple  color, 
presence  of  chlorine,  or  of  bromine  in  small  quantity.)  If  there  is  no 
color,  treat  the  aqueous  layer  left  in  the  separating  funnel  by  P.  no. 

If  any  free  halogen  is  present,  add  to  the  mixtiu-e  in  the  separating 
funnel  10  cc.  chloroform,  shake,  and  separate  the  two  layers.  Repeat 
the  extraction  with  a  fresh  10  cc.  portion  of  chloroform.  (Purple  color 
of  the  chloroform  layer  and  brown  color  of  the  aqueous  layer,  showing 
slow  extraction  of  iodine,  presence  of  iodide.)  Test  the  aqueous  layers 
for  halides  by  P.  no. 
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If  further  tests  for  free  bromine  or  chlorine  are  necessary,  shake  the 
chloroform  extracts  with  lo  cc.  water,  adding  enough  HjSO,  solution  to 
reduce  the  halogen,  and  treat  the  aqueous  layer  by  P.  no. 

Ncies. — I.  As  to  these  tests  see  the  notes  to  P.  103. 

3.  As  there  stated,  the  proportion  of  the  iodine  extracted  from  the  aqueous  la3^er 
by  chloroform  is  much  smaller  when  iodide  is  also  present,  so  that  some  tri-iodide  then 
remains  in  the  aqueous  solution  after  two  extractions.  Since  this  bdiavior  itself 
shows  the  presence  of  iodide,  it  is  not  necessary  to  attempt  to  extract  all  the  iodine 
before  testing  for  halides  by  P.  1 10. 

Procedure  no. — Detection  of  Halides. — Place  the  aqueous  layer  which 
is  to  be  tested  for  halides  (P.  109)  in  a  separating  fuimel;  add  3  cc.  chloro- 
form, 5  cc.  20%  sodium  acetate  solution,  2  cc.  30%  acetic  acid,  and  i 
cc.  1%  KMn04  solution  (in  excess  of  that  required  to  oxidize  any  H^O, 
present),  and  shake.  (Purple  color,  presence  of  iodide,)  If  there  is  a 
color,  poiu*  the  mixttu-e  into  a  flask,  add  10  cc.  more  CHCI3,  and  then  add 
gradually  1%  KMn04  solution,  shaking  after  each  addition,  till  the  aqueous 
layer  becomes  pink.  Pour  the  mixtiure  through  a  moistened  filter  to  re- 
move the  chloroform  and  precipitated  MnOj,  and  shake  the  filtrate  once 
or  twice  with  a  fresh  10  cc.  portion  of  chloroform  to  extract  all  the  iodine. 

Place  the  aqueous  solution  and  3  cc.  chloroform  in  a  separating  funnel, 
add  5  cc.  H2SO4  (i  .20),  and  i  cc.  1%  KMn04  solution,  unless  such  an  ex- 
cess is  already  present,  and  shake.  (Yellow  or  orange  coloration  of  the 
chloroform,  presence  of  bromide.) 

Transfer  the  aqueous  layer  to  a  casserole,  add  5-20  cc.  i  %  KMn04 
solution,  and  boil  the  mixture  3-5  minutes,  or  until  the  volume  has  been 
reduced  to  10  cc.  Filter  off  the  MnOj,  and,  if  the  solution  is  still  pink, 
add  HjSOj  solution  drop  by  drop  until  it  is  colorless.  Dilute  the  solu- 
tion to  100  cc,  filter  if  necessary,  and  add  2  cc.  HNO3  (i  .20)  and  1-2  cc- 
4%  AgNO,  solution.     (White  precipitate,  presence  of  chloride.) 

Notes. — I.  This  separation  is  based  upon  the  different  rates  at  which  KMnO« 
sets  free  by  oxidation  the  three  halogens  from  their  salts  in  a  solution  of  definit  hydrogen- 
ion  (H*^)  concentration.  A  dilute  solution  of  acetic  acid  containing  considerable 
sodium  acetate  has  such  a  hydrogen-ion  concentration  that  an  iodide  is  immediately 
oxidized  by  KMn04  with  liberation  of  iodine,  while  bromide  and  chloride  are  not 
oxidized  to  an  appreciable  extent  in  the  time  required  for  the  operations.  When  the 
H**" -concentration  is  increased  by  the  additim  of  the  prescribe  quantity  of  HgSO«, 
the  bromide  is  oxidized  very  rapidly  while  the  rate  of  thie  corresponding  reaction  for 
the  chloride  is  still  so  small  at  room  temperature  that  scarcely  any  chlorine  is  set  free. 
Even  when  the  solution  is  boiled  to  expel  the  bromine,  only  a  small  fraction  of  the 
chloride  present  is  oxidized  to  chlorine. 

2.  To  secure  satisfactory  results,  the  directions  as  to  the  quantities  of  the  adds 
added  must  be  followed  carefully.  The  proper  quantity  of  H,S04  is  that  required  to 
react  with  all  the  sodium  acetate,  and  in  addition  to  give  an  excess  equal  to  about 
I  cc.  H^SOf  (1.20)  per  20  cc.  of  solution. 

3.  A  very  small  precipitate  of  AgCl  obtained  at  the  end  of  the  procedure  does  not 
necessarily  indicate  the  presence  of  chloride  in  the  substance,  unless  the  reagents  used 
have  been  proved  to  be  entirely  free  from  chloride.    Even  then  a  very  slight  precipitate 
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(oonresponding  to  leas  than  o.i  mg.  CI)  may  result  from  a  reaction  between  the  per- 
manganate and  chloroform.  For  these  reasons  a  blank  test  should  be  made  in  any 
doubtful  case. 

4.  The  yellow  color  of  bromine  in  3-5  oc.  chloroform  enables  about  0.5  mg.  Br 
to  be  detected  in  this  procedure,  which  corresponds  to  1-1.5  mg.  Br  in  the  whole  of  the 
second  distillate.  A  much  smaller  quantity  mig^t  be  detected  by  separating  the 
chloroform  solution  and  adding  KI  solution  to  it;  but  when  much  chloride  is  present, 
this  is  an  unreliable  indication  of  bromide,  since  in  that  case  an  appreciable  quantity 
of  free  chlorine  may  have  been  liberated  by  the  permanganate.  If  it  is  desired  to  detect 
with  certainty  a  smaller  quantity  of  bromine,  one  may  do  so  by  treating  the  chloro- 
form solution  (obtained  as  described  in  the  second  paragraph  of  the  above  procedure), 
which  contains  the  liberated  bromine  and  perhaps  a  little  chlorine,  as  follows:  Shake 
it  with  15  cc.  water  and  5  cc.  HSSO4  (1.20),  to  which  a  few  drops  of  saturated  SO^  solu- 
tion are  added;  then  add  1%  KMnO^  solution  till  the  water  layer  becomes  pink,  and 
finally  x  cc.  more.  Shake  well,  separate  the  chloroform  layer  by  means  of  a  separating 
funnel,  add  to  it  a  few  drops  KI  solution,  and  shake  again.  A  purple  color  shows  the 
presence  of  bromide. 

5.  If  HCN,  H^,  or  HSCN  are  present  in  the  distillate,  they  will  be  expelled  or 
destroyed  by  the  boiling  with  KMn04  before  the  final  test  for  chloride  with  AgNO,  is 
applied. 

Procedure  iix. — Detection  of  Nitrate, — ^To  the  remainder  of  the  second 
distillate  (after  removing  any  iodide  or  thiocyanate  present  by  shaking 
with  solid  AgjSO^  and  filtering)  add  3  cc.  H2SO4  (i .  84)  and  5  cc.  saturated 
FeSO^  solution.  Place  the  mixture  in  the  apparatus  in  P.  loi,  and  dis- 
til until  only  about  5  cc.  remain,  collecting  the  distillate  in  a  mixture  of 
20  cc.  water  and  2  cc.  10%  NaOH.  Make  the  distillate  acid  with  H^SO^, 
add  2-3  cc.  chloroform  and  shake.  If  the  chloroform  is  colorless,  add  a 
few  drops  of  KI  solution,  and  shake  again.  (Purple  color,  presence  of 
nitrate.) 

NoUs. — I.  In  this  procedure  the  nitrate  is  reduced  by  the  FeS04  to  nitric  oxide 
(NO),  which  passes  over  as  a  gas  into  the  receiver,  where  it  is  oxidized  by  the  oxygen 
of  the  air  to  HNO„  which  is  then  absorbed  by  the  NaOH.  When  the  solution  is  acidified 
and  KI  added,  I,  is  liberated  by  the  HNO,  (see  P.  103,  N.  4).  By  this  procedure  0.2 
mg.  NO,  in  the  liquid  submitted  to  distillation  can  be  detected. 

2.  The  reaction  is  highly  characteristic  for  nitrates,  since  any  nitrous  add  present 
passed  over  completely  into  the  first  distillate,  and  since  other  oxidizing  substances 
(for  example,  chlorine  or  bromine)  which  mi^t  liberate  iodine  from  potassium  iodide 
are  reduced  by  the  FeS04  to  compounds  which,  even  if  they  pass  over  into  the  distillate, 
have  no  action  on  KI.  The  only  substances  that  may  interfere  are  iodide  and  thio- 
cyanate; and  provision  is  therefore  made  for  first  removing  these  by  adding  solid  Ag^O^, 
shaking,  and  filtering. 

Procedure  1x2.— Detection  of  Sulfate.— To  the  third  distillate  obtained 

upon  heating  with  copper  (P.  loi),  add  1-2  cc.  HCl  (1.12),  5  cc.  2% 

BaO,  solution,  and  sattu-ated  Br,  solution  till  the  liquid  becomes  yellow. 

(White  precipitate,  presence  of  sulfate.) 

Notes. — I.  By  the  action  of  copper  in  the  presence  of  concentrated  H,P04  on 
sulfates  (even  the  very  difficultly  soluble  BaSOJ  SO,  is  formed.  This  is  oxidized  by 
the  Br,  to  H,SO«,  which  then  precipitates  as  BaSO^.    In  this  way  i  mg.  SO4  may  be 
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detected.    Even  wben  this  small  amount  is  present  in  the  substance,  only  an  incon- 
siderable proportion  of  it  passes  into  the  first  and  second  distillates. 

2.  Much  H,P04  also  passes  over  into  the  distillate;  and  the  HCl  is  added  to  prevent 
its  precipitation  as  BaHP04.  Too  much  HCl  must  not  be  added  since  BaSO^  is  ap- 
preciably soluble  in  it. 

3.  When  a  sulfide  is  present  which  has  not  already  been  decomposed,  sulfur  and 
H^  may  pass  into  the  third  distillate,  after  the  add  has  become  concentrated.  The 
H^  may  be  tested  for  in  a  portion  of  the  distillate  by  P.  105. 

Supplementary  Procedures, 

Procedure  113. — Detection  of  Borate. — Place  1-2  grams^  of  the  finely 
powdered  substance  in  the  distilling  apparatus  used  in  P.  loi,  and  add 
ID  cc.  of  methyl  alcohol  (CHgOH)  and  two  or  three  glass  beads.  Pour  in 
carefully  3  cc.  HjSO^  (1.84),  and  distil  off  the  alcohol,  collecting  it  in  a 
mixture  of  5  cc.  CHjOH  and  3  cc.  HCl  (i  .20).  Make  the  distillate  up  to 
18  cc.  with  CH3OH,  cool,  and  add  five  drops  of  a  satturated  solution  of 
tiu-meric  in  ethyl  alcohol.  (Red  or  orange  color,  presence  of  borate.)  To 
estimate  roughly  the  quantity  present,  compare  the  color  with  that  given 
by  adding  the  turmeric  solution  to  known  quantities  of  borate  dissolved  in 
a  mixture  of  3  cc.  HCl  (i  .20)  and  15  cc.  CHgOH. 

Notes. — I.  Methyl  alcohol  reacts  with  boric  add  to  form  its  methyl  ester  B(OCH,)„ 
which  is  a  readily  volatil  liquid.  The  color  given  by  turmeric  to  a  solution  of  this 
ester  in  methyl  alcohol  and  strong  hydrochloric  add  is  so  intense  that  the  test  is  very 
delicate  if  the  proportions  given  are  reproduced.  The  presence  of  i  mg.  BO,  in  the 
SMbstance  distilled  may  readily  be  detected. 

2.  If  the  substance  be  distilled  with  H^SO^  and  ethyl  alcohol  (instead  of  methyl 
alcohol),  much  less  borate  passes  into  the  distillate,  and  the  test  is  much  less  delicate. 

Procedure  114. — Detection  of  Fliwride. — Mix  0.2  g.  of  the  dry,  finely 
powdered  substance  with  twice  its  weight  of  powdered  KHSO4  and  with 
10-20  mg.  dry,  finely  powdered  or  precipitated  SiOj.  Blow  a  thick- 
walled  bulb  i>^-2  cm.  in  diameter  at  the  end  of  a  glass  tube  of  5-8  nmi. 
bore.  Place  the  mixture  in  the  bulb  (not  using  more  of  it  than  will  one- 
third  fill  the  bulb).  Heat  the  bulb  carefully  until  the  KHSO^  is  melted, 
taking  care  that  the  mixtture  does  not  froth  up  into  the  tube.  Continue 
to  heat  the  bulb  and  the  lower  part  of  the  tube  until  there  is  a  deposit 
of  a  solid  substance  or  of  condensed  acid  3  or  4  cm.  above  the  bulb.  After 
it  has  cooled,  cut  off  the  tube  close  to  the  bulb.  Dip  the  tube  several 
times  in  water,  dry  it  in  a  flame,  and  heat  it  strongly.  (White  deposit 
in  the  middle  part  of  the  tube  and  etched  surface  at  the  lower  end,  pres- 
ence of  fluoride.) 

Notes. — I.  This  test  depends  on  the  following  reactions: 

4HF  +  SiO,     -  SiF,  4-  2H,0 
3SiF4  -f  3H,0  -  H^iO,  +  2H^iFe. 

'  In  this  procedure  and  the  subsequent  ones,  it  is  directed  to  take  such  an  amount 
of  substance  as  wUl  enable  0.1-0.2%  of  the  acidic  constituent  in  question  to  be  de- 
tected. The  amount  taken  may  of  course  be  varied  in  accordance  with  the  nature 
of  the  material  and  the  object  in  view. 
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Some  of  the  HF  liberated  by  the  molten  KHSO4  volatilizes  and  takes  the  silica  re* 
quired  for  the  first  reaction  from  the  glass,  thus  producing  the  characteristic  etched 
surface  in  the  lower  part  of  the  tube.  The  SiF4  gas  and  the  water  vapor  liberated 
react  in  the  cooler  part  of  the  tube  according  to  the  second  equation,  forming  a  white 
ring  of  solid  silicic  and  fluosilicic  acids  in  the  tube.  The  reaction  is  reversed  at  higher 
temperatures,  so  that  the  deposit  may  be  driven  up  the  tube  by  heating.  This  white 
deposit  is  the  most  characteristic  part  of  the  test  for  fluoride,  since  in  the  subsequent 
washing  H^iFe  is  removed  and  there  remains  H,SiO,  alone,  which  is  converted  into 
SiO,  on  heating.  A  deposit  of  SO,  and  H^0«  may  also  form  in  the  upper  part  of  the 
tube,  and  might  be  mistaken  for,  or  interfere  with,  the  test  for  small  amounts  of  fluoride, 
if  the  final  washing  with  water  is  omitted.  This  procedure  enables  0.5  mg.  F  to  be 
easily  detected. 

2.  The  test  fails  with  certain  minerals  which  are  not  decomposed  by  fusion  with 
KHSO4;  but  such  cases  are  provided  for  by  the  treatment  described  in  P.  116. 

3.  Fluoride  is  often  tested  for  by  heating  the  solid  substance  in  a  platinum  crucible 
with  H^04  alone,  and  detecting  any  HF  involved  by  its  etching  action  on  a  watch 
glass  coated  with  wax  through  which  markings  have  been  made.  This  test  has  the 
disadvantage  that  in  the  presence  of  silica  or  silicate,  which  is  very  often  present  in 
minerals,  it  is  unreliable  owing  to  the  conversion  of  the  HF  to  SiF4  by  the  reaction 
given  in  note  i. 

4.  In  distilling  a  fluoride  with  H,P04  by  P.  loi,  much  of  the  HF  reacts  with  the 
glass,  but  enough  of  it  passes  into  the  second  distillate  to  enable  2-3  mg.  F  in  the 
substance  to  be  detected,  if  the  whole  distillate  be  tested  with  NaC^gO,  and  CaCl, 
as  described  in  P.  116. 

5.  The  precipitation  of  CaF,  in  an  acetic  acid  solution  from  any  source  distin- 
guishes fluoride  from  all  the  other  acidic  constituents  except  sulfate  and  oxalate,  and 
is  delicate  enough  to  enable  0.2  mg.  F  in  10  cc.  solution  to  be  detected.  The  presence 
of  fluoride  in  such  a  precipitate,  even  in  a  souall  one,  can  be  confirmed  by  drying  it, 
mixing  it  with  a  little  KHSO4  and  SiO^  and  heating  as  described  in  the  procedtu-e. 

Proceditre  115. — Detection  of  Phosphate. — ^To  0.1-0.2  g.  of  the  finely 

powdered  substance  add  about  5  cc.  HNOj  (i .  20).     If  the  substance  does 

not  dissolve,  boil  the  mixture  for  2  or  3  minutes,  and  filter.     Add  to  the 

filtrate  an  equal  volume  of  (NH4)2Mo04  solution,  and  allow  it  to  stand 

5  to  10  minutes.     (Yellow  precipitate,  presence  of  phosphate.) 

Notes. — I.  The  yellow  precipitate  produced  is  a  complex  compound,  ammonium 
phosphomolybdate,  of  a  composition  varying  somewhat  with  the  conditions,  but  ap- 
proximating that  represented  by  the  formula  (NH4),P04.i2MoO,. 

2.  In  order  that  the  test  may  be  delicate,  a  large  proportion  of  the  (NH4)^o04 
must  be  present  to  reduce  the  solubility  of  the  precipitate;  and  a  short  time  must  be 
attowed  for  the  formation  ol  the  complex  phosphomolybdate.  This  is  promoted  by 
gentle  warming;  but  in  a  hot  solution  arsenate  or  silicate  may  give  rise  to  a  similar 
3^ieU0W  precipitate,  while  in  the  cold  the  reaction  is  given  only  by  phosphate.  By  . 
this  test  0.1  mg.  PO4  may  be  easily  detected.  The  great  delicacy  of  this  test  should 
be  borne  in  mind  in  estimating  the  quantity  of  phosphate  present. 

3.  Phosphate  will  have  been  detected  in  Part  III  (P.  63)  of  this  system  of  analysis 
when  elements  of  the  iron,  aluminum,  or  caldtmi  groups  are  present. 

Procedure  Xi6. — Detection  of  the  Acidic  Constituents  in  Undecomposed 
Substances. — ^If  the  substance  is  not  completely  decomposed  by  acids  (as 
shown  m  P.  loi  and  115)  heat  i  g.  of  the  finely  powdered  substance  with 
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HNO5  (1.20),  filter  out  and  wash  the  residue,  dry  it,  separate  from  the 
filter,  and  mix  it  with  5-10  g.  dry  NajCOj  in  a  platinum  crucible  (or  in  a 
porcelain  crucible,  if  reducible  metals  may  be  present  in  it).  Cover  the 
crucible  and  heat  it  over  a  powerful  burner  for  5-10  minutes.  If  a  per- 
fectly clear  fusion  does  not  result,  add  more  Na^COj,  and  heat  again  over 
a  blast  lamp.  Cool,  place  the  crucible  in  a  casserole,  boil  it  with  water 
till  the  fused  mass  is  disintegrated,  and  filter,  rejecting  the  residue. 

To  a  portion  of  the  filtrate  add  HNOj  (1.20)  till  it  is  distinctly  acid, 
and  test  portions  of  it  for  chloride  by  adding  AgNOj,  for  phosphate  by 
P.  115,  and  for  sulfate  by  adding  BaCl,  solution. 

Test  another  portion  of  the  filtrate  for  boraie  by  evaporating  it  to 
complete  dryness,  adding  H2SO4  (184)  drop  by  drop,  and  treating  the 
mixture  by  P.  113. 

Test  a  third  portion  of  the  filtrate  for  fluoride  as  follows:  add  5  cc. 
20%  NaCjHjOj  solution  and  5  cc.  10%  CaCl,  solution,  allow  the  mixttue 
to  stand  10-15  minutes.  (White  precipitate,  presence  of  fluoride.)  To 
confirm  its  presence,  filter  out,  wash,  and  dry  the  precipitate,  and  test 
it  by  P.  114. 

If  silicate  needs  to  be  tested  for,  evaporate  a  portion  of  tlie  solution, 

heat  the  residue  at  100-125®  till  it  is  perfectly  dry,  add  HCl  (1.20)  and 

boil  gently.     (White  residue,  presence  of  silicate  or  siUca.)     To  confirm 

its  presence,  treat  the  residue  by  P.  5  (Part  I). 

Notes, — I.  Fusion  with  Na,CO,  metathesizes  nearly  all  msoluble  compounds  in 
the  way  described  in  the  notes  to  P.  8  (Part  I  of  this  System  of  Analysis). 

2.  If  basic  elements  that  may  be  reduced  to  the  metallic  state  (those  of  the  silver, 
copper,  and  tin  groups)  may  be  present  in  the  insoluble  residue,  it  must  be  fused  in  a 
porcelain  instead  of  a  platinum  crucible.  It  is,  however,  less  desirable  to  use  a  porce- 
lain crucible,  since  it  is  more  difficult  to  attain  the  high  temperature  necessary,  and 
since  it  is  attacked  by  the  flux  and  silicate  is  thereby  introduced  into  the  solution. 

3.  In  minerals  or  metallurgical  products  undecomposed  by  adds,  it  is  usually  neces- 
sary to  test  only  for  silicate,  chloride,  sulfate,  phosphate,  borate,  and  fluoride,  since 
other  acidic  constituents  are  scarcely  ever  present. 

4.  In  a  substance  undecomposed  by  adds  the  presence  of  halides,  sulfide,  or  sul- 
fate c€ui  also  be  detected  by  proceeding  as  follows:  Place  about  o.io  g.  of  the  solid 
substance  in  an  iron  tube  about  15  cm.  long  and  1.5  cm.  in  outside  diameter,  or  in  a 
Jena  glass  tube,  heat  for  2-3  minutes  to  drive  off  water  and  to  decompose  unstable 
substances,  cool  and  add  100  mg.  freshly  cut  sodium. .  Heat  the  mixture  strongly 
under  a  hood  for  2-3  minutes,  and  allow  to  cool.  Add  i  cc.  methyl  alcohol  and  after 
several  minutes  a  little  water,  drop  by  drop.  Then  add  5  cc.  water,  shake  and  filter 
into  a  test  tube.  Addify  with  acetic  add,  and  treat  1-2  cc.  with  AgNO,  and  HNOg 
(P.  107).  If  there  is  a  predpitate,  test  one-third  of  the  acetic  add  solution  for  sulfide 
by  adding  2  cc.  10%  (^(NO,),  solution  (P.  105),  and  test  the  remainder  for  iodide, 
bromide,  and  chloride  by  P.  1 10. 

Compounds  containing  sulfur,  even  such  stable  substances  as  BaS04,  MoS»  CuS, 
are  decomposed  by  this  process  with  formation  of  sodium  sulfide,  and  compounds 
containing  chlorine,  bromine,  or  iodine,  even  AgBr  and  Agl,  are  decomposed  with 
formation  of  sodium  halide.     In  the  case  of  a  substance  of  entirely  unknown  character. 


SYSTEM  OF  QUAirlTATlVB  ANALYSIS.  63 1 

only  a  small  quantity  (10-20  mg.)  should  be  used  at  first,  as  the  reaction  with  sodium 
might  be  a  very  violent  one. 

Procedure  117. — Detection  of  Hypochlorite, — ^To  about  0.5  g.  of  the  pow- 
dered substance  mixed  with  5  cc.  water,  or  to  5  cc.  of  the  alkalin  solu- 
tion, add  acetic  add,  a  few  drops  at  a  time,  until  the  solution  is  add. 
Filter  if  there  is  much  residue,  add  2  cc.  20%  lead  acetate  solution,  heat 
the  mixture  to  boiling,  and  let  it  stand  for  ten  minutes.  (Brown  pre- 
dpitate,  presence  of  hypochlorite.) 

Notes. — I.  Hypochlorites  are  commonly  met  with  either  in  alkalin  solution  or 
in  the  form  of  a  powder  (for  example,  in  bleaching  powder).  Since  they  are  prepared 
by  the  action  of  chlorine  on  alkali,  chloride  is  ordinarily  present  in  nearly  equivalent 
amount.  When  the  solid  powder  is  treated  with  water,  the  hypochlorite  passes  into 
solution;  and  from  it  the  unionized  HCIO  is  liberated  upon  the  addition  of  the  more 
largely  ionized  acetic  add.  Chlorine  is  also  formed  until  the  equilibrium-conditions 
of  the  reaction  HaO  +*  CI"  +  H+  -  CI,  4-  H,0  are  satisfied.  When  m  neutraliz- 
ing with  acetic  add  litmus  paper  is  used,  the  paper  will  soon  be  bleadied  if  hypochlorite 
is  present;  but  the  color  at  the  first  instant  or  on  the  edges  of  the  bleached  portion  can 
usually  be  observed. 

3.  This  test  depends  upon  the  oxidation  of  the  lead  salt  to  lead  dioxide  FbO, 
by  the  hypochlorite.  The  reaction  takes  place  sd  slowly  in  the  cold  that  not  less  than 
10  mg.  CIO  in  5  cc.  solution  can  be  detected  at  room  temperature,  even  if  the  mixture 
be  allowed  to  stand  a  few  minutes.  But  when  the  mixture  is  heated  the  limit  of  detec- 
tability  is  about  0.5  mg.  in  5  cc.  Since  oxidation  does  not  take  place  in  the  presence 
of  a  strong  add,  such  as  HNO„  acetic  add  is  used  in  addifying  the  solution. 

3.  Peroxides  in  alkalin  solution  react  instantaneously  with  lead  salts,  forming 
PbO,;  but  this  reaction  does  not  take  place  in  the  presence  of  acetic  add,  even  on 
boiling.  Therefore  in  the  above  procedure  a  peroxide  will  not  be  mistaken  for  a  hypo- 
dilorite.  Peroxide  and  hypochlorite,  moreover,  cannot  exist  together,  since  they 
react  very  rapidly  with  formation  of  oxygen.  If  desired,  peroxide  may  be  tested  for 
by  treating  the  subs1;ance  with  a  dilute  add  and  adding  a  few  drops  of  a  titanium 
sulfate  solution  (see  P.  656). 

4.  This  test  for  hypochlorite  may  be  made  even  more  delicately  in  alkalin  solu- 
tion, provided  peroxides  are  known  to  be  absent.  If  the  solution  is  only  slightiy 
alkalin,  a  small  white  predpitate  of  Pb(OH),  or  PbCO,  is  first  formed;  but  this  turns 
brown  if  hypodilorite  is  present  when  the  mixture  is  heated  and  allowed  to  stand. 
The  delicacy  is  of  course  diminished  by  the  presence  of  large  amounts  of  Pb(OH,)  or 
PbCO,;  but  I  mg.  CIO  can  be  detected  in  the  presence  of  even  2  or  3  grams  of  these 
substances,  provided  an  excess  of  the  lead  salt  is  still  present  in  the  solution,  and  the 
mixture  is  boiled  vigorously,  preferably  in  a  casserole. 

5.  Hypobromite  in  alkalin  solution  or  bromine  in  acetic  acid  solution  also  oxidizes 
lead  salts  to  PbO,.  Hypobromite  is,  however,  so  unstable  that  it  will  not  be  met  with 
except  in  a  solution  freshly  prepared  from  bromine  and  alkali.  The  results  of  previous 
tests  will  usually  show  whether  HCIO  or  Br,  has  given  rise  to  the  PbO,  predpitate. 
In  a  doubtful  case  the  halogens  may  be  extracted  by  chloroform  from  an  add  solution, 
and  tested  for  by  P.  109  and  1 10.  On  account  of  the  equilibrium  referred  to  in  note  i 
dilorine  will  be  extracted  in  large  proportion  only  if  a  strong  acid  or  if  much  chloride 
is  present. 

Procedure  118. — Detection  of  Chlorate. — If  chlorine  has  been  found 
present  in  the  first  or  second  HjP04  distillate,  treat  0.5  g.  of  the  sub- 
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stance  in  the  cold  with  50  cc.  water  and  10  cc.  HNO3  (i  .20).  (If  hypo- 
chlorite is  present  as  shown  by  P.  117,  reduce  it  by  adding  Na^AsOj  solu- 
tion in  excess.)  Add  4%  AgNOj  solution  as  long  as  a  precipitate  forms 
and  then  about  5  cc.  more.  Shake  the  mixture  and  filter  off  the  pre- 
cipitate. To  the  filtrate  add  5  cc.  saturated  SO,  solution,  heat  the  mix- 
ture or  allow  it  to  stand  five  minutes.  (White  precipitate,  presence  of 
chlorate  (or  bromate).) 

Notes. — I.  In  this  procedure  chlorate  is  reduced  to  chloride  by  the  H2SO,.  The 
reaction  is  not  instantaneous^  but  it  is  so  rapid  in  the  presence  of  a  large  excess  of 
H,SO,  that  at  room  temperature  i  mg.  CIO,  gives  a  distinct  precipitate  of  AgCl  within 
5  minutes,  even  in  a  volume  of  100  cc. 

2.  If  iodate  is  present,  it  is  precipitated  upon  the  first  addition  of  AgNOj.  along 
with  the  silver  halides;  but  if  bromate  is  present,  some  of  it  remains  in  the  solution 
and  shows  the  same  behavior  as  chlorate.  If  necessary  to  distinguish  between  them, 
the  final  precipitate  with  AgNO,  may  be  treated  as  follows  >  Suspend  it  in  25  cc. 
water,  pass  in  H^S  until  the  mixture  is  saturated  with  it,  heat  to  boiling,  filter  off  the 
precipitated  Ag^S,  boil  the  filtrate  till  the  H,S  is  expelled,  and  test  it  for  bromide  and 
chloride  by  P.  1 10. 

Procedure  119. — Detection  of  Stdfite  and  TkiosuLfate. — If  in  P.  102  the 
first  distillate  was  found  to  contain  H2SO3,  add  0.5  gram  of  the  finely 
powdered  original  substance  to  5  cc.  water  and  1-5  cc.  10%  Na^CO, 
solution,  shake  the  mixtiure,  filter  out  any  precipitate  or  residue,  and  add 
to  the  solution  3  cc.  10%  Sr(N0s)3  solution,  then  at  once  add  slowly  30% 
acetic  acid,  at  the  last  a  few  drops  at  a  time,  until  the  precipitate  of  SrCO, 
dissolves  on  shaking,  or  until  the  solution  reacts  acid  to  litmus.  Heat 
the  mixture  to  boiling,  add  a  drop  or  two  of  acetic  acid  if  a  flocculent 
precipitate  forms,  and  let  the  mixture  stand  15  minutes.  (No  precipi- 
tate, absence  of  sulfite.) 

Filter  out  the  Sr(N03)2  precipitate,  wash  it  once  with  a  little  cold  water, 
pour  a  portion  of  3-5  cc.  HCl  (i  .06)  two  or  three  times  through  the  fil- 
ter, and  add  to  the  solution  5  cc.  BaQ^  solution.  (If  a  precipitate  of 
BaS04  forms,  filter  it  out.)  Then  add  to  the  solution  satiurated  Br, 
solution  till  the  liquid  is  slightly  yellow.     (Precipitate,  presence  of  stdfite,) 

To  the  filtrate  from  the  Sr(N03)2  precipitate,  add  1-2  cc.  HCl  (1.20), 
heat  the  mixture  to  boiling,  and  let  it  stand  qvemight.  .  (White  turbidity 
or  yellow  precipitate,  presence  of  thiostdfate.) 

Notes. — I .  NajCO,  is  added  at  the  begimung  of  this  procedure  to  separate  from  the 
acidic  constituents  in  question  any  basic  constituents  present  thatmaybeprecipitable 
by  it.  Its  addition  and  the  subsequent  neutralization  of  it  by  acetic  add  also  serve 
to  give  a  solution  of  small  H+  concentration,  which  is  essential  for  a  satisfactory  separa- 
tion of  sulfite  and  thiosulfate.  When  the  H+  concentration  is  large,  SrSO,  dissolves 
and  the  thiosulfate  decomposes  with  formation  of  sulfur;  but  in  acetic  acid  solution 
the  latter  reaction  is  negligible  even  on  heating  in  the  presence  of  a  considerable  excess 
of  .the  acid.  SrSO,  separates  as  a  crystallin  predpi^te,  slowly  in  the  cold  when  present 
inl small  quantity,  but  much  more  rapidly  when  the  mixture  is  heated.  This  pro- 
cedure enables  i  mg.  SO,  in  an  initial  volume  of  10  cc.  to  be  easily  detected. 
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2.  Upon  the  addition  of  a  moderate  excess  of  HCl  over  that  required  to  react 
with  all  the  sodium  acetate  present,  the  thtosulfate  decomposes  with  the  separation  of 
sulfur.  When  10  cc.  of  solution  are  treated  by  the  above  procedure,  a  precipitate 
of  S  forms  within  30  minutes  with  3  mg.  S,0„  and  on  standing  over  night  with  i  mg. 
S.0,. 

Confirmatory  Ezperiments. 

p.  IOX-IX3.  Test  Analysis. — A  mixture  of  2  mg.  of  each  of  the  constituents 
CN,  CI,  Br,  I,  NO,,  S0«,  SO,,  CO^  as  the  sodium  or  potassium  salt,  was  dissolved  in 
2  c.\  water  and  tested  according  to  P.  101-112:  distinct  and  satisfactory  tests  were 
obtained  for  each  constituent. 

P.  lox.  DistiUaiion  with  Phosphoric  Acid. — ^The  experiments  tabulated  below 
were  carried  out  to  determin  the  behavior  of  the  various  acidic  constituents  in  the 
phosphoric  add  distillation.  The  division  into  first  and  second  distillates  corresponds 
to  that  given  in  P.  loi.  The  substances  taken  are  given  in  the  first  column,  the  sub- 
stances tested  for  in  the  distillates  are  given  in  the  second  column,  and  the  results  of 
the  tests  are  given  in  the  third  and  fourth  columns.  The  numbers  in  the  last  two 
columns  show  the  amount  of  substance  estimated  to  be  present  in  the  distillates.  The 
letter  S  denotes  that  the  test  was  satisfactory,  and  that  the  amount  of  substance  found 

seemed  to  correspond  to  that  taken. 

Confltituent  Pint  Second 

Subctaoce  taken.  tested  for  distUUte.  dittillate. 

/ni       XT  /M  5  Chloride  o  S 

1500  mg.  G  as  NaG Gilorine  o.i  o 

15  mg.  G  as  AgG Giloride  o  3-5 

I  mg.  CI,  as  bleaching  powder Chlorine  8  o 

1  mg.  Br  as  KBr Bromide  . .  S 

^        „^  ( Bromide  small  S 

1500  in%.  Br  as  KBr i  Br^mifw. 

(  Dromme  0.5 

„         .   „  5  Bromide  o  o 

iooing.Br«AgBr j  Bromine  o 

2  mg.  Br, Bromine  S  o 

1  mg.  lasKI Iodide  . .  S 

...  S  Iodide  o  o 

loomg-lMAgl jj^,^  ^ 

100  mg.  P  as  NH4F Fluoride  2-4  20-30 

3  mg.  P  as  KP Fluoride  o  small 

2  mg.  F  as  KF Fluoride  o  slight 

zoo  mg.  F  as  CaF, Fluoride  o  4-5 

1  mg.  SCN  as  KSCN Thiocyanate       slight  S 

2  mg.  SCN  as  KSCN Thiocyanate       small  S 

,000  n...  SCN  as  KSCN |  ^«--       ^  j^,. 

1  mg.  CN  as  KCN Cyanide  S  o 

2  mg.  Fe(CN)e  as  K^Fe(CN)e Cyanide  S  o 

5  mg.  Fe(CN)e  as  K^Fe(CN), Cyanide  S  o 

(Cyanide .  large  large 

Ferrocyanide        o  o 

Ferricyanide         o  o 

2  mg.  Fe(CN)e  as  K,Fe(CN)e Cyanide  slight  o 

^  Some  free  sulfur  was  also  present. 
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Coostitueiit  Pint  Qccoiid  ■ 

Substance  taken.  tested  for  distillate.  distill  st«. 

5*mg.  Fe(CN)e  as  K,Fe(CN)e Cyanide  small  o 

I  Cyanide  large  large 
Perrocyanide          o  o 

Perricyanide  o  o 

700  mg.  Prussian  blue Cyanide  large  large 

100  mg.  S  as  CuS Stdfide  o  traoe^ 

loomg.  SasPeS Sulfide  large  small 

900  mg.  galena Sulfide  large  large 

700  mg.  pyrite Sulfide  o  large^ 

7iomg.MoS, Sulfide  o  o 

I  mg.  NO,  as  NaNO, Nitrite  S 

20  mg.  NO,  as  NaNO, Nitrite  S 

1  mg.  SO,  as  Na^O, Sulfite  doubtful  o 

2  mg.  SO,  as  Na^SO,. Sulfite  S  o 

20  mg.  SO,  as  Na,SO, Sulfite  S  o 

400  mg.  C,04  as  (NHJiCjO^ Carbonate  o  large 

r^^r^  y^r^tr^  S  Chlorfde  O  sllg^t 

5  mg.  aO.  as  KaO. \o^^^  slij^t 

r<Ar\       TTi^ir^  S  Chloride  o  large 

,500  mg.  CIO.  as  KaO, j  ^^^^  ^^^  ^^ 

T»  r\       TTT*  r\  S  Bromide  large  largje 

45  mg.  BrO.  as  KBrO. j  3^^,,^  J^  ^ 

o  rx       XT   o  i-i  J  Sulfide  large  small 

30  mg.  S.O.  as  Na^.O. j  g^^  ^  ^^ 

2  mg.  S,0,  as  Na,S,0, Sulfide  S 

P.  xoi,  N.  4.  Deiecti  n  of  Carbonate. — Several  experiments  were  made  in  which  the 
first  distillate  was  collected  in  a  weakly  ammoniacal  solution.  It  was  found  that  the 
addition  of  Ba(OH),  often  failed  to  precipitate  small  amounts  of  carbonate,  espe- 
cially when  the  NH4OH  had  been  first  neutralized  with  acetic  acid. 

P.  101,  N.  5  and  9.  Action  of  Phosphoric  Acid  and  Copper  on  Sulfates. — 100  mg. 
SO4  as  Na2S04  were  placed  in  a  distilling  flask  together  with  10  cc.  of  H,P04  and  3-4 
grams  of  fresh  Cu  turnings,  and  the  mixture  was  boiled  down  to  the  point  where  faint 
fumes  were  first  seen:  the  distillate  was  foimd  to  contain  neither  H,SO,  nor  HgS04. 
The  distillation  was  then  continued  3  to  5  minutes  longer  and  the  vapors  collected  in 
water:  the  distillate  now  smelled  strongly  of  SO,  and  on  adding  HCl,  Br„  and  BaCl, 
(P.  112)  a  large  precipitate  was  obtained.  This  experiment  was  repeated  with  x  mg. 
SO4,  except  that  the  distillate  was  collected  in  a  dilute  NaOH  solution:  a  precipitate 
of  6aS04  was  obtained  in  P.  112,  which  wets  estimated  to  be  equivalent  to  the  SO4 
taken.  The  experiment  was  repeated  with  no  sulfate:  a  satisfactory  blank  test  re- 
sulted. The  experiment  was  repeated  with  125  mg.  and  with  2  mg.  SO4  as  precipita- 
ted BaS04,  the  vapors  being  collected  in  water;  the  BaS04  precipitates  in  P.  112  were 
estimated  to  contain  20  mg.  and  2  mg.  SO4,  respectively. 

P.  loi,  N.  8.  Absorption  of  Carbon  Dioxide  from  the  Air. — 10  cc.  H,P04  were  added 
to  25  cc.  water,  the  mixture  was  placed  in  the  distilling  flask  and  boiled  2-3  minutes, 
the  distillate  being  collected  in  nearly  saturated  solution  of  6a(0H),  contained  in  a 
100  cc.  flask  fitted  with  a  two  hole  stopper:  a  small  but  distinct  precipitate  was  ob- 
tained, becoming  larger  on  cooling.  The  outlet  hole  of  the  receiving  flask  was  fitted 
with  a  small  soda-lime  tube  and  the  distillation  repeated:  ^  small  precipitate  was  again 

^  Some  free  sulfur  was  also  present. 
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obtained.  10  cc.  H,P04  were  mixed  with  30  cc.  water,  the  mixture  was  brought  to 
boiling  and  was  then  added  through  the  upright  safety  tube  to  the  distilling  apparatus 
to  wluch  the  receiving  Ba(OH),  flask  had  previously  been  attached:  on  distilling  a 
few  minutes  only  a  very  slight  turbidity  appeared  in  the  Ba(OH)t  solution. 

P.  zox,  R.  7.  Separation  of  Carbonate  and  StUfiie, — ^Three  15  cc.  samples,  con* 
taining  3  mg.  SO,  and  o,  i,  and  2  mg.  CO,,  respectivelyi  were  treated  with  3  cc.  of  a 
saturated  Ba(OH),  solution  acidified  with  HC,H,0,,  with  i  cc  Kd  (1.12),  and  with 
bromine  water  till  distinctly  yellow.  The  different  samples  were  then  distilled  into  a 
Ba(OH),  solution.  The  first  gave  a  slight  turbidity,  the  second  a  pronounced  tur^ 
bidity,  and  the  third  a  distinct  precipitate  of  BaCO,. 

Several  attempts  were  made  to  effect  the  separation  of  sulfite  from  carbonate 
by  filtering  out  BaSO,  from  an  acetic  add  solution  of  the  carbonate.  It  was  not  found 
possible  to  prevent  the  finely  divided  sulfite  from  passing  through  the  filter. 

P.  103,  N.  a.  Distribution  Ratios, — Approximate  values  of  the  distribution  ratio 
of  iodine  and  bromine  at  25^  between  certain  organic  solvents  and  water  are  given  in 
the  following  table: 

Solvent CCl,.  CHBr,.  CS,. 

Distribution  ratio  for  iodine 85  450  600 

Distribution  ratio  for  bromine 30  66  80 

Jakowkin's  data'  show  that  the  change  with  the  concentration  of  the  halogen  is 
small.  From  the  solubility  determinations  of  Bruner,*  it  seems  probable  that  the  dis- 
tribution ratios  for  CHCl,  lie  between  those  for  CCI4  and  CHBr,.' 
T  \  According  to  Jakowkin/  the  distribution  ratio  of  the  molecular  species  CI,  be- 
tween CCI4  and  water  is  20  at  25°,  but  that  of  the  total  dissolved  chlorine  is  much  less 
at  small  concentrations;  thus  it  becomes  less  than  unity  when  the  chlorine  concentra- 
tion in  water  is  as  small  as  2 .6  millimols  per  liter. 

The  Hydrolysis  of  Chlorine, — See  Jakowkin,  Z,  physih.  Chem,,  39,  613  (1899). 

The  Hydrolysis  of  Iodine  and  Bromine, — See  Bray,  This  Journal,  32,  932  (1910); 

33f  1485  (19"). 

Potassium  Tri-iodide, — See  Jakowkin  Z. />Ay^'Jb.  C^m.,  20,    19  (1896);  and  Bray 

and  Biackay,  This  Journai^,  32,  914  (1910). 

P.  103,  N.  3.  Delicacy  of  the  Tests  for  Halogens.  Iodine. — o .  5  mg.  I,  was  dissolved 
in  8  cc.  water  and  2  cc.  85%  H,P04*  and  shaken  with  3  cc.  chloroform:  the  chloroform 
had  a  faint  but  distinct  pink  color. 

Bromine.— o. J  and  0.5  mg.  Br,  were  dissolved  in  8  cc.  water  and  2  cc.  HjPO^ 
and  shaken  with  3  cc.  chloroform:  the  chloroform  layer  had  a  faint  but  distinct  yellow 
color  in  each  case.  The  experiment  was  repeated  with  0.3  mg.  Br,:  the  test  was  un- 
satisfactory, since  the  faint  yellow  color  of  the  chloroform  could  be  observed  only  by 
comparison  with  pure  chloroform.  The  limit  for  this  test  is  therefore  about  o .  5  mg. 
Br,  m  3  cc.  CHC1,.« 

A  third  of  the  aqueous  phase  in  the  preceding  experiment  with  0.7  mg.  Br,  was 
carefully  poured  into  a  test  tube  containing  i  cc.  i  %  KI  solution,  and  i  cc.  diloroform 
was  added  and  the  mixture  shaken.  The  aqueous  solution  was  practically  colorless, 
but  the  chloroform  showed  a  very  faint  pink  color.    The  experiment  was  repeated 

*  Z.  physik.  Chem.f  18,  588-90  (1895). 

*  Ibid.,  26,  147  (1898). 

»  Cf.  Seidell's  "Solubilities." 

*  Z.  physik.  Chem.,  29,  634-6  (1899). 

'  In  the  first  form  of  the  Procedure,  phosphoric  acid  was  added  in  place  of  acetic 
acid,  but  this  could  hardly  influence  the  delicacy  of  the  tests. 
•Cf.  C.  E.  P.,  no. 
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except  that  the  water-chloroform  mixture  (containing  bromine)  was  shaken  before 
pouring  one-third  of  it  into  the  KI  solution:  the  aqueous  layer  was  yellow  and  the  chloro- 
form layer  pink.  This  last  experiment  was  repeated  with  the  above  mixture  contain- 
ing 0.3  mg.  Br,:  the  aqueous  layer  was  faintly  yellow  and  the  chloroform  distinctly 
pink,  thus  showing  that  a  smaller  quantity  of  bromine  could  have  been  detected  in 
this  procedure. 

Bromine  in  the  First  Distillate. — 2  mg.  Br,  were  added  to  5  cc.  Ba(OH),  solu-' 
tion,  the  mixture  was  heated,  cooled,  and  acidified  with  acetic  acid,  an  excess  of  i 
cc.  being  added.  The  mixture  having  a  volume  of  10  cc.  was  shaken  with  2-3  cc 
chloroform:  a  distinct  yellow  color  resulted,  which  corresponded  to  about  i  mg.  Br,. 
The  experiment  was  repeated  with  i  mg.  Br,:  a  faint  yellow  color  resulted,  which  cor- 
responded to  about  o .  5  mg.  Br,.  The  yellow  color  disappeared  on  standing,  and  special 
experiments  showed  that  the  chief  loss  was  due  to  volatilization.  The  experiment  was 
n^peated  with  10  mg.  Br,,  the  Br,  was  extracted  3  times  within  3  min.,  and  KI  solu- 
tion and  chloroform  added  to  the  aqueous  layer:  a  slight  pink  coloration  resulted, 
which  corresponded  to  about  0.2  mg.  Br,.  This  showed  that  the  reaction  between 
bromate  and  bromide  in  acetic  add  solution  was  so  rapid  that  the  apparent  loss  of 
bromine  in  the  first  experiments  could  not  be  attributed  to  the  presence  of  bromate. 

The  first  experiment  in  the  preceding  paragraph  was  repeated  with  0.3  mg.  Br, 
and  with  0.2  mg.  Br,:  the  chloroform  layer  was  colorless.  The  mixture  was  shaken 
and  one-third  of  it  added  to  a  KI  solution:  the  chloroform  layer  showed  a  faint  but 
distinct  pink  color  in  the  first  case,  but  not  in  the  second. 

Chlorine. — ^An  amount  of  bleaching  powder  containing  i  mg.  of  available  chlorine 
was  treated  by  P.  10 1;  one-fifth  of  the  distillate  was  acidified  with  acetic  acid  and  a 
few  drops  of  KI  solution  were  added:  a  distinct  liberation  of  iodine  was  observed. 

A  solution  containing  20  mg.  CI,  dissolved  in  8  cc.  water  and  2  cc.  10%  NaOH 
solution  was  acidified  with  acetic  add  and  5  cc.  HNO,  (i  .20)  were  added.  The  mix- 
ture was  shaken  with  2  cc.  CHCl,  and  then  with  3  cc.  The  amount  of  chlorine  ex- 
tracted was  estimated  to  be  about  12  mg.  by  adding  a  little  KI  solution  to  the  chloro- 
form. A  third  treatment  with  CHCl,  extracted  3  mg.  Cl„  and  the  amount  remaining 
in  the  solution  (5  mg.)  was  estimated  by  adding  chloroform  and  a  little  KI  solution 
to  the  aqueous  phase.  The  experiment  was  repeated  three  times,  except  that  2  cc 
30%  acetic  add  were  added  instead  of  5  cc.  HNO,  (1.20):  the  amounts  of  chlorine 
extracted  in  the  first  two  treatments  with  CHCl,  were  estimated  to  be  4,  6,  and  6  mg., 
respectively,  in  the  three  experiments. 

P,  103,  n.  4.  Delicacy  of  the  Iodide  Test  for  Nitrous  Acid. — o.  i  mg.  NO,  as  NaNO, 
was  added  to  10  cc.  water  and  i  cc.  30%  acetic  add;  KI  solution  and  chloroform  were 
added  and  the  mixture  shaken;  the  mixture  was  allowed  to  stand  10  min.  and  again 
shaken.  A  distinct  pink  color  was  produced  at  once,  and  the  depth  of  color  increased 
on  standing. 

Distribution  of  Nitrous  Acid  between  Water  and  Chloroform. — 2 .0  mg.  NO,  as  NaNO, 
were  added  to  10  cc.  water  and  i  cc.  acetic  add,  and  the  mixture  was  extracted  twice 
with  chloroform;  KI  was  then  added  to  the  chloroform  layer:  an  amoimt  of  iodine 
was  liberated  which  corresponded  to  less  than  o.  i  mg.  NO,.  The  experiment  was  re- 
peated with  15  mg.  NO,:  a  very  distinct  test  for  iodine  was  obtained  when  KI  was 
added  to  the  chloroform  layer,  and  the  amount  of  iodine  increased  on  standing. 

P.  103,  N.  5.  Action  of  Bromine  and  Iodine  on  Nitrous  Acid. — ^3.5  mg.  Br,  in  i 
cc.  water  were  added  to  2  cc.  of  a  1%  solution  of  NO,  as  NaNO,:  the  color  of  the  bro- 
mine disappeared  immediately.  The  same  result  was  obtained  in  the  presence  of 
acetic  add. 

To  a  solution  of  x  mg.  NO,  as  NaNO,  in  water  containing  x  cc.  acetic  add,  an  ex- 
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cess  of  I,  was  added.  After  10  minutes  the  solution  was  extracted  three  times  with 
fresh  portions  of  CHCl,,  and  the  aqueous  layer  was  then  shaken  with  fresh  CHCl,  and 
KI  solution:  there  resulted  a  slight  pink  color,  corresponding  to  0.2  mg.  I,. 

10  mg.  NO,  as  NaNO,  and  10  mg.  I,  (about  one-fifth  of  the  amount  necessary  to 
oxidize  the  nitrite  to  nitrate)  in  10  cc.  H,0  were  distilled  with  dilute  H,P04  according 
to  P.  roi.  The  first  distillate  was  collected  in  barium  hydroxide  solution  and  acidified 
with  acetic  add:  it  gave  no  test  for  nitrous  acid  with  urea  by  P.  104,  and  a  strong  test 
for  I,  on  extracting  with  CHCl,. 

P.  103,  N.  6.    See  above,  N.  2  and  3. 

P.  X04,  N.  2,  Delicacy  of  the  Urea  Test  for  Nitrite. — o.  i  mg.  NO,  as  NaNO,  in 
I  cc.  H,0  was  added  to  a  20%  solution  of  urea  in  HCl  (i .  12) :  a  large  number  of  very 
minute  bubbles  formed  slowly  and  rose  to  the  top  of  the  inverted  tube.  The  experi- 
ment was  repeated  with  i  .0  mg. :  the  bubbles  formed  quickly  and  united  to  a  large  bub- 
ble at  the  top  of  the  tube.  The  experiment  was  repeated  with  i  cc.  water  which  had 
been  shaken  with  air:  a  few  minute  bubbles  appeared  at  once,  but  not  nearly  so  many 
as  in  the  experiment  with  o .  i  mg.  NO,.  The  same  experiments  were  tried  with  a  20% 
solution  of  urea  in  H,S04  (i .  20) :  the  results  were  the  same. 

P.  X04,  N.  3.  Behavior  of  Halogens  in  the  Urea  Test  for  Nitrite, — 10  mg.  Br,  were 
dissolved  in  i  cc.  Ba(OH),  solution  and  added  to  a  solution  of  urea  in  HCl:  a  few  min- 
ute bubbles  (of  air)  appeared,  which  corresponded  in  amount  to  the  test  with  i  cc. 
water  (preceding  paragraph).  The  experiment  was  repeated,  except  that  the  solu- 
tion of  Br,  in  Ba(OH),  was  first  acidified  with  HCl:  the  lesult  was  the  same.  The  last 
experiment  was  repeated  with  a  solution  of  chlorine,  using  a  20%  solution  of  urea  in 
11^04:  there  was  no  evolution  of  gas. 

P.  105,  9.  a.  Decomposition  of  Difficultly  Soluble  Sulfides  by  Phosphoric  Acid. — 
See  C.  E.  P.,  loi. 

P.  106,  N.  2.  Delicacy  of  the  Test  for  Cyanide, — Several  separate  solutions  con- 
taining o.  I  and  0.2  mg.  CN  as  KCN  in  10  cc.  were  tested  by  P.  106.  A  good  test  was 
invariably  found  with  0.2  mg.  and  sometimes  with  o.i  mg.  The  experiment  with 
0.2  mg.  CN  was  repeated  except  that  the  FeCl,  was  added  after  boiling:  a  good  test  was 
obtained.  The  last  experiment  was  twice  repeated  except  that  4.0  cc.  10%  NaOH 
solution  were  added  instead  of  i.o  cc:  the  test  was  very  satisfactory  but  seemed 
slightly  less  distinct  than  before. 

P.  106,  N.  3.  Relative  Solubilities  of  Complex  Cyanides. — See  Abegg  and  Bodlander, 
Z.anorg.  Chem.,  20,  453  (1899).     B6ttger,  Qual,  Analyse,  287,  289,  291,  191,  391,  396, 

and  432-5  (1908). 

P.  106,  N.  4.  Delicacy  of  the  Test  for  Cyanide  in  the  Presence  of  Ferro  and  Ferri- 
cyanide. — 2  mg.  CN  as  KCN  were  tested  by  the  procedure  described  in  Note  4:  a  dis- 
tinct test  for  cyanide  was  obtained  in  the  distillate.  The  experiment  was  repeated 
first  with  30  mg.  Fe(CN)e  as  K,Fe(CN)e  and  then  with  30  mg.  Fe(CN)e  as  KtFQ(CN\: 
no  CN  was  found  in  the  distillate  in  either  experiment.  The  experiment  was  repeated 
with  a  mixture  of  2  mg.  CN  as  KCN  and  40  mg.  Fe(CN)o  as  K,Fe(CN)«:  a  distinct  test 
for  CN  was  obtained  in  the  distillate. 

P.  106,  R.  5.  The  Blue  Ironr-cyanide  Compounds. — Hofmann,  Heine  and  Hochtlen, 
Liebig's  Ann.,  337,  i  (1904). 

P.  106,  N.  6.  Separation  of  Ferro  and  Ferricyanides.^ — ^To  0.2  mg.  Fe(CN)a  as 
K4Fe(CN)e  in  10  cc.  water  were  added  a  little  acetic  acid,  i  cc.  4%.  AgNO,  solution, 
and  finally  excess  of  NH4OH:  a  small  white  precipitate  formed  in  the  acid  solution 
and  did  not  dissolve  on  the  addition  of  NH4OH.  This  was  collected  in  a  filter,  washed 
with  water  and  moistened  with  a  dilute  solution  of  FeCl,:  the  precipitate  turned  blue 

*  See  also  BSttger,  Qual.  Analyse,  392,  292  (1908). 
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at  once.  The  experiment  was  repeated  with  o .  2  mg.  Fe(CN)o  as  K,Fe(CN)e:  A  small 
brown  precipitate  formed  in  the  add  solution  but  dissolved  in  NH^OH.  On  acidify- 
ing with  acetic  acid,  filtering,  washing  with  water,  and  adding  FeSO^  solution  the  pre- 
cipitate turned  blue.  The  last  experiment  was  repeated  several  times  with  50  mg. 
Fe(CN)«  as  K^FeCCN),  and  i  mg.  Fe(CN)e  as  K,Fe(CN)e:  the  test  for  ferricyanide 
failed.  50  mg.  Fe(CN)e  as  K^Fe(CN)e  and  i  mg.  Fe(CN)e  as  K:,Fe(CN),  were  dissolved 
in  10  cc.  water,  2  cc.  1%  KI  solution,  and  2  cc.  chloroform  were  added,  and  HCl  (i  .20) 
was  added  drop  by  drop:  on  shaking,  the  chloroform  layer  became  ptuple. 

P.  zio.  Separation  and  Detection  of  the  Halogens.  Test  Analyses, — ^Known 
amounts  of  KI,  KBr,  and  KCl  were  dissolved  in  about  15  cc.  water,  and  the  mixtures 
were  analyzed  by  P.  1 10.  The  following  table  shows  the  milligrams  of  I,  Br,  and  CI 
taken  in  each  experiment,  and  the  results  obtained.  The  letter  S  signifies  that  the 
test  or  the  blank  was  satisfactory.    This  was  found  to  be  true  in  every  case. 

Ezpt.        1.  2.              3.              4.            5.  6.  7.           8.              9. 

I....   iS  0.5  S  100  S  100  S  100  S  100  S  oS          oS          oS 

Br.  ..o—  o—          oS           iS          oS  iS  oS  100  S  100  S 

CI...0—  a—         oS          oS  500  S  500  S  iS          oS          iS 


Liberation  of  Bromine  in  the  Iodide  Test, — ^To  solutions  containing  100  mg.  Br 
as  KBr  dissolved  in  15  cc.  water  were  added  5  cc.  CS,,  known  amounts  of  a  10%  sodium 
acetate  solution,  i  cc.  30%  acetic  acid,  and  20  cc.  o.i  N  KhinO^  solution;  after 
I  hour  the  mixtures  were  shaken,  the  CS|  was  drawn  off,  and  the  amount  of  Br,  liberated 
was  estimated  from  the  color  of  the  CS,:  with  i  cc.  10%  acetate  solution  about  5  mg. 
Br,  were  liberated;  with  2  cc.  about  i  mg. ;  and  with  5  cc.  not  enough  Br,  to  give  a  color 
to  the  CS,.  In  the  last  experiment,  the  proportion  of  acetate  to  acetic  acid  was  the 
same  as  in  the  Procedure,  but  the  KMnO^  added  and  the  time  allowed  was  much  greater. 
The  result  obtained  therefore  shows  that  there  is  no  danger  of  liberating  Br,  under  the 
conditions  of  the  Procedure. 

Action  of  Permanganate  on  Iodide  to  Form  lodate. — 50  mg.  I  as  KI  in  a  volume 
of  15  cc.  were  treated  with  5  cc.  10%  NaC,H,0„  i  cc.  30%  HC,H,0„  and  15  cc.  o.i 
A'  KMn04  solution  (in  the  absence  of  CS,).  After  standing  xo  minutes  the  mix- 
ture was  shaken  several  times  with  CS,  until  the  last  CS,  portion  was  colorless.  The 
water  layer  was  treated  with  H,SO,  until  colorless,  allowed  to  stand  5  minutes,  and 
then  tested  with  CS,  and  KMnO^  as  described  in  the  procedure:  a  very  satisfactory 
test  for  iodide  was  obtained.  This  shoWs  that  iodate  had  been  formed  by  the  action 
(A  KMn04  on  iodine  (or  iodide),  and  that  the  iodate  was  reduced  by  the  treatnient 
with  H,SO,.  The  experiment  was  repeated  with  i  mg.  I  as  KI:  no  iodine  was  extracted 
by  the  first  treatment  with  CS,,  thus  showing  that  the  initial  presence  of  CS,  and  shak- 
ing are  essential  if  a  small  amount  of  iodide  is  to  be  detected  when  excess  of  KMn04 
is  added.  The  experiment  with  50  mg.  I  as  KI  was  repeated  except  that  CS,  was  ini- 
tially present  and  that  the  iodine  was  extracted  at  once  instead  of  after  10  minutes: 
some  iodate  was  formed,  but  much  less  than  in  the  above  experiment. 

Effect  of  lodate  on  the  Bromide  Test. — ^A  solution  containing  100  mg.  Br  as  KBr 
and  500  mg.  KIO,  in  20  cc.  was  treated  with  5  cc.  10%  NaCJH,0,  and  i  cc.  30%  HC,H,0, 
and  allowed  to  stand  10  minutes.  The  mixture  w^as  shaken  with  5  cc.  CHCl,,  and  the 
CHClj  layer  was  drawn  off  and  tested  with  a  few  drops  of  KI :  there  was  no  color,  thus 
showing  that  no  bromine  would  be  liberated  in  the  iodide  test  owing  to  the  presence  of 
iodate.  5  cc.  chloroform  and  5  cc.  H2SO4  (1.20)  were  then  added  to  the  aqueous 
layer:  bromine  was  liberated  in  large  amount.  The  experiment  was  then  repeated 
with  I  mg.  Br  as  KBr  and  500  mg.  KIO,.  After  adding  the  H,S04  the  CHCl,  layer 
showed  the  bromine  color,  and  iodine  was  liberated  on  adding  a  few  drops  KI  to  the 
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CHQs  layer.    This  shows  that  the  presence  of  iodate  does  not  interfere  with  the  test 
for  bromine. 

Liberation  of  Chlorine  in  the  Bromide  Test. — ^500  mg.  CI  as  NaCl  in  a  volume  of  15 
ec.  were  treated  with  i  cc.  H1SO4  (1.20)  and  5  cc.  0.2  N  KMnOf,  allowed  to  stand 
50  minutes,  and  extracted  with  5  cc.  CHCl,:  the  CHCl,  was  colorless,  and  on  adding 
a  few  drops  of  KI  the  small  amount  of  iodine  liberated  was  estimated  to  correspond 
to  about  0.3  mg.  CI,.  A  solution  containing  500  mg.  CI  as  NaCl  and  100  mg.  KIO, 
in  15  cc.  was  treated  with  2  cc.  H,S04  (i-^o)  and  15  cc.  o.i  N  KMnO^  solution, 
and  5  cc.  CHCl,  were  added:  the  CHCl, layer  remained  colorless.  After  5  minutes  the 
mixture  was  shaken,  the  CHCl,  drawn  oS  and  treated  with  a  few  drops  of  KI  solu- 
tion: the  purple  color  showed  the  presence  of  about  0.2  mg.  CI,.  5  cc.  more  CHCl, 
were  then  added  and  tested  in  the  same  way  with  KI  after  25  minutes:  the  amount 
of  iodine  liberated  showed  the  presence  of  about  i  mg.  CI,.  These  experiments  show 
that  the  liberation  of  chlorine  in  the  bromide  test  is  very  slow,  even  in  the  presence 
of  iodate  and  of  large  amounts  of  chloride.  There  is,  therefore,  no  danger  of  dxidizing 
a  small  amount  of  chloride  completely  to  chlorine. 

Complete  Removal  of  Bromide  by  Boiling. — ^A  solution  of  150  mg.  Br  as  KBr  in  20 
oc.  was  treated  with  2  cc.  of  H,S04  (1.20)  and  18  cc.  of  0.2  N  KMnO«  and  boiled 
lor  about  3  minutes  until  the  odor  of  bromine  could  no  longer  be  detected.  The  solu- 
tion was  filtered  and  treated  with  2  cc.  of  H^SO^  and  5  cc.  of  KMnO^,  allowed  to  stand 
5  minutes,  and  extracted  with  CHCl,:  no  bromine  was  found. 

Non-Removal  of  Chloride  by  Boiling  wiih  Permanganate  in  the  Presence  of  Sulfurie 
Add. — I  mg.  CI  as  chloride  in  20  cc.  was  treated  with  3  cc.  H,S04  (i  .20)  and  15  cc. 
of  0.2  N  KMn04,  boiled  for  3  minutes,  and  extracted  with  CHCl,;  the  water  layer 
was  diluted,  treated  with  H,SO,  to  decolorize  the  excess  of  KMn04,  and  to  it  AgNO, 
and  HNO,  were  added:  a  distinct  precipitate  was  formed,  while  a  blank  test  carried 
out  in  a  similar  manner  gave  only  a  slight  turbidity  at  this  point. 

Non-Effect  of  Thiocyanate  on  the  Test  for  Chloride. — ^A  solution  of  20  mg.  SCN  as 
KSCN  in  20  cc.  was  treated  with  3  cc.  of  H,S04  (1.20)  and  with  12  cc.  of  0.2  N 
KMn04:  this  was  decolorized  as  fast  as  it  was  added,  with  separation  of  MnO,;  and  the 
dear  colorless  filtrate  gave  no  color  on  adding  FeCl,,  nor  any  precipitate  on  treating 
with  HNO,  and  AgNO,. 

Delicacy  of  the  Color  Test  for  Free  Bromine  in  Chloroform  and  Other  Solvents. — 
1, 0.5,  0.3,  and  0.0  mg.  Br  as  KBr  in  20  cc.  water  were  each  treated  with  2  cc.  of  H^SO^ 
(1.20)  and  I  cc.  of  0.2  N  KMn04;  after  standing  10  minutes  each  solution  was 
extracted  with  5  cc.  CHC1,|  and  the  chloroform  layer  washed  once  with  water:  the  i  mg. 
sample  gave  a  pronounced  color  to  the  CHCl,,  the  0.5  mg.  one  gave  a  distinct  but  faint 
color.  Similar  experiments  with  CS,  and  CCI4  gave  similar  results;  but  the  tests  with 
these  solvents  seemed  to  be  a  little  less  delicate  than  with  CHCl,. 

P.  XXI,  N.  X.  Delicacy  of  Nitrate  Test. — 0.2  mg.  NO,  as  NaNO,  in  10  cc.  ¥rater 
were  treated  by  P.  1 1 1 :  a  distinct  liberation  of  iodine  in  the  distillate  resulted  on  add- 
ing HiSOf  and  KI.  2  mg.  NO,  were  treated  by  P.  10 1,  and  one-third  of  the  distillate 
from  this  procedure  was  treated  by  P.  1 1 1 :  a  good  test  for  nitrate  was  obtained. 

P.  XIX,  N.  a.  Interference  of  Iodide  with  the  Nitrate  Test  and  Its  Removal. — 50  mg. 
I  as  KI  were  put  through  P.  iii.  On  making  the  distillate  add  a  large  amount  of 
iodine  was  liberated. 

50  mg.  I  as  KI  and  0.3  mg.  NO,  as  NaNO,  in  10  cc.  water  were  treated  with  15 
cc.  of  a  nearly  saturated  AgC,H,0,  solution,  boiled  i  minute,  allowed  to  stand  a  short 
time,  and  filtered ;  and  the  filtrate  was  treated  by  P.  iii :  on  making  the  distillate  add  with 
H,S04  no  iodine  was  liberated  and  on  adding  a  few  drops  of  KI  solution  a  distinct 
yellow  color  was  given  to  the  mixture.    This  experiment^  was  repeated  with  50  mg. 
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I  and  no  NO,:  a  little  color  due  to  liberated  iodine  was  observed  in  the  final  test,  but  dis- 
tinctly less  than  in  the  preceding  experiment  with  0.3  mg.  NO,.  This  small  test  was 
later  shown  to  be  due  to  a  trace  of  nitrate  existing  as  impurity  in  the  AgC,H,0,  used. 

Non-interference  of  Cyanide  in  the  Nitrate  Test. — ^A  solution  of  100  mg.  CN  as  KCN 
and  I  mg.  NO,  as  NaNO,  in  10  cc.  water  was  treated  by  P.  1 1 1 :  a  small  but  distinct 
color  resulted  in  the  distillate  on  adding  acid  and  KI.  The  experiment  was  repeated 
with  xoo  mg.  CN  as  KCN  and  no  NO,  in  10  cc.  water:  the  distillate  treated  with  add 
and  KI  gave  no  color. 

Interference  of  Thiocyanate  in  the  Nitrate  Test. — 0.5  mg.  NO,  as  NaNO,  and  100 
mg.  SCN  as  KSCN  in  10  cc.  water  were  treated  by  P.  1 1 1 :  the  distillate  smelled  strongly 
of  H2S  and  gave  no  liberation  of  iodine  when  treated  with  acid  and  KI. 

P.  112,  N.  I.     Delicacy  of  Test  for  Sulfate. — See  C.  E.,  P.  loi,  N.  5  and  9. 

P.  X13,  N.  a.  Delicacy  of  the  Borate  Test. — 2  mg.  BO,  as  Na^B^O,  were  treated 
by  P.  113:  a  distinct  color  resulted.  On  setting  fire  to  the  orange  tinted  solution  to 
which  the  ttumeric  had  been  added,  no  green  color  was  noticeable  in  the  flame.  The 
.experiment  was  repeated  with  5  mg.  BO,:  a  good  test  with  turmeric  was  obtained;  and 
a  flash  of  green  could  be  seen  just  at  the  moment  of  setting  fire  to  the  solution. 

P.  113,  N.  2.  Use  of  Ethyl  Alcohol  in  the  Borate  Test. — 5  mg.  BO,  as  tisifiJOj 
were  treated  by  P.  113,  except  that  C,H50H  was  substituted  for  the  CH,OH:  the  color 
obtained  with  turmeric  was  so  slight  as  to  be  doubtful. 

P.  114.  The  Test  for  Fluoride. — ^This  method  was  described  by  Berzelius.  The 
directions  in  P.  114  are  similar  to  those  given  by  Brush-Penfield,  Determinative  Min- 
eralogy and  Blowpipe  Analysis. 

A  known  small  amount  of  P  as  powdered  fluorite,  CaF„  mixed  with  a  few  milli- 
grams powdered  SiO,  and  about  50  mg.  powdered  KHSO4,  was  heated  in  a  small  bulb 
blown  on  a  tube  of  5  mm.  bore,  and  was  treated  as  described  in  the  Procedure:  there 
was  a  ring  of  SiO,  in  the  tube  about  4  cm.  from  the  bulb,  and  the  etching  in  the  lower 
part  of  the  tube  was  very  distinct  even  in  the  experiment  with  0.5  mg.  P.  The  exjseri- 
ment  with  0.5  mg.  F  as  CaP,  was  repeated  with  no  silica  but  in  the  presence  of  500 
mg.  KHSO4  and  with  a  large  bulb:  the  ring  test  was  small  but  distinct,  but  the  etch- 
ing test  was  unsatisfactory.  Several  experiments  were  tried  in  the  absence  of  CaF,: 
satisfactory  blanks  were  always  obtained. 

The  experiment  was  repeated  with  20  mg.  CaF„  20  mg.  SiO,  and  about  xoo  xng. 
KHSO4.  The  tube  was  closed  by  a  small  rubber  stopper  through  which  a  small  capil- 
lary tube  moistened  on  the  inside  passed  to  about  4  cm.  from  the  bulb:  there  was  a 
heavy  ring  of  deposited  solid  in  the  entrance  to  the  capillary  and  on  the  wall  of  the 
outside  tube  near  the  end  of  the  capillary  tube.  This  indicates  that  there  is  no  ten- 
dency for  the  SiF4  to  escape  from  the  tube.  The  experiment  was  repeated  with  0.5 
mg.  F  as  CaF,:  there  was  a  distinct  ring  test  on  the  wall  of  the  large  tube,  but  none  in 
the  capillary  tube.    There  is  therefore  no  advantage  in  inserting  the  moist  capillary. 

P.  Z14.  Modification  of  the  Fluoride  Test. — ^4,  2  and  i  mg.  F  as  solid  CaF,  were 
mixed  with  50-100  mg.  ignited  precipitated  SiO,  in  a  dry  weighing  tube,  and  8-10 
drops  H,S04  (1-84)  were  added;  a  wet  glass  rod  with  a  drop  of  water  hanging  from  it 
was  suspended  from  a  stopper  in  the  tube,  and  the  mixture  was  warmed  gently:  upon 
heating  there  was  in  each  case  a  distinct  effervescence,  and  in  the  4  mg.  and  2  mg. 
experiments  the  wet  walls  of  the  rod,  but  not  the  drop  of  water,  became  distinctly 
opaque;  in  the  i  mg.  experiment,  the  opaqueness  produced  was  so  slight  as  to  be  doubt- 
ful, thus  showing  that  this  form  of  the  test  is  less  delicate  than  that  described  in  the 
Procedure. 

P.  Z16,  IT.  4.    Reaction  between  Sodium  and  Certain  Insoluble  Substance^.- 
Mulliken,  Identification  of  Organic  Compounds,  Vol.  i. 


SYSTEM  OF  QUAUTATIVB  ANAI^YSIS.  64 1 

2  mg.  Agl  were  fused  with  sodium  as  described  in  P.  116,  N.  4,  and  the  solution 
tested  by  P.  no:  a  distinct  test  for  iodide  was  obtained.  16  mg.  BaS04  were  fused 
with  sodium,  and  the  acetic  acid  solution  was  treated  by  P.  105 :  a  large  yellow  pre- 
cipitate of  CdS  formed.  The  last  experiment  was  repeated  with  4.4  mg.  S  as  MoS^ 
(molybdenite) :  a  CdS  precipitate  was  obtained,  whose  size  indicated  the  complete  de- 
composition of  the  MoSt. 

P.  XI 7,  If.  a  and  4.  Delicacy  of  the  Test  for  Hypochlorite. — ^In  each  experiment  a 
known  amount  of  an  alkaline  NaClO  solution  (made  by  treating  a  known  weight  of 
bleaching  powder  with  a  small  excess  of  Na^CO,  solution  to  which  some  NaOH  was 
added  and  filtering)  was  diluted  to  5  cc.  with  water;  i  cc.  30%  HAc  and  then  2  cc. 
20%  PbAc,  soln.  were  added,  and  the  mixtures  were  heated  to  boiling  and  allowed  to 
stand  for  ten  minutes:  in  the  experiments  with  less  than  0.5  mg.  CIO,  the  solutions  re- 
mained perfectly  clear.  In  that  with  0.5  mg.  CIO  a  small,  brown  precipitate  appeared 
within  ten  minutes.  With  x.o  mg.  CIO  the  brown  precipitate  was  very  distinct  in 
one  minute,  and  with  10  mg.  it  formed  while  the  mixtture  was  being  heated. 

The  experiments  were  repeated,  except  that  no  acetic  add  was  added:  the  results 
were  the  same,  except  that  small  white  precipitates  of  Pb(OH),  always  formed,  and 
that  in  experiments  with  0.2  and  0.3  mg.  CIO  these  turned  brown  in  10  or  15  minutes. 

The  experiments  with  and  without  acetic  acid  were  repeated,  except  that  after 
the  addition  of  the  lead  acetate  the  mixtures  were  allowed  to  stand  at  room  tempera- 
ture: in  experiments  with  50  mg.  CIO  the  brown  precipitate  formed  almost  imme- 
diately, while  with  10  mg.  CIO  it  appeared  within  i  to  5  minutes. 

Effect  of  the  Presence  of  Nitric  Acid. — ^The  experiments  described  in  the  preceding 
section  were  repeated,  except  that  0.5  cc.  HNO,  (1.20)  was  added  instead  of  acetic 
acid  and  2  cc.  10%  Pb(NO,),  solution  instead  of  lead  acetate  solution:  tiie  solutions  re- 
mained clear  and  colorless  even  in  the  experiment  with  50  mg.  CIO.  These  experi- 
ments were  repeated  except  that  no  nitric  acid  was  added:  white  precipitates  of  Pb(OH), 
were  formed  and  turned  brown  as  in  the  experiments  with  PbAc,  in  the  absence^of 
acetic  acid,  but  the  limit  of  detectability  was  about  i  mg.  CIO. 

Solubility  of  Lead  Hypochlorite. — ^To  10  mg.  CIO  as  NaClO  dissolved  in  xo  cc. 
slightly  alkalin  solution  were  added  2  cc.  20%  Pb(Ac),  solution;  the  mixture  was 
shaken  and  filtered:  the  white  precipitate  turned  brown  on  the  filter.  The  filtrate 
was  heated  to  boiling:  a  dark  brown  precipitate  formed  quickly,  and  showed  the  pres- 
ence of  at  least  5  mg.  CIO  in  the  filtrate.  It  is  to  be  noted  that  there  is  no  evidence 
that  any  Pb(ClO),  precipitated. 

Effect  of  the  Presence  of  Carbonate  and  of  the  Absence  of  Excess  of  Lead  Acetate. — In 
each  experiment  a  known  amount  of  GO  as  NaClO  was  dissolved  in  10  cc.  i  %  Na^CO, 
solution  in  a  casserole;  2  to  3  cc.  20%  PbAc,  solution  were  added,  and  the  mixture  was 
boiled  vigorously:  the  brown  color  showed  at  once  on  heating  with  10  mg.  CIO,  quickly 
with  2  mg.  CIO,  and  was  slight  but  distinct  with  i  mg.  CIO;  in  the  last  case  it  became 
more  distinct  on  vigorous  boiling.  In  some  of  these  cases  a  portion  of  the  solution 
was  filtered  off  and  Na,CO,  added:  the  formation  of  a  white  precipitate  showed  the 
presence  of  lead  salt  in  excess. 

The  experiment  with  10  mg.  CIO  was  repeated,  except  that  only  i  cc.  5%  PbAc, 
was  added:  the  test  failed.  In  this  and  in  several  other  experiments  in  which  the  test 
failed,  the  solutions  were  filtered  off  and  shown  not  to  contain  lead  in  excess. 

P.  117,  N.  3.  Action  of  Lead  Salts  on  Peroxides  and  on  Hydrogen  Peroxide.— 0.1 
g.  Na,Oa  was  dissolved  in  10  cc.  water  and  2  cc.  20%  PbAc,  solution  added:  a  brown 
precipitate  formed  at  once,  and  remained  when  the  mixture  was  boiled.  The  experi- 
ment was  repeated  with  about  i  mg.  Na,0,:  a  brown  turbidity  appeared  at  once.  The 
experiment  with  i  mg.  Na^O,  was  repeated,  except  that  the  PbAc,  solution  was  poured 
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over  the  dry  Na^O,:  a  dark  brown,  almost  black,  precipitate  formed  at  once.    The 
periment  with  i  mg.  NagO,  was  repeated  in  the  presence  of  o .  5  cc.  10%  Na,CO,  solu- 
tion: the  brown  color  could  not  be  detected  in  the  large  white  precipitate. 

The  experiment  with  o.i  g.  NajO,  was  repeated,  except  that  the  solution  was 
made  slightly  acid  with  acetic  acid  (the  presence  of  H,0,  in  the  solution  was  shown  by 
adding  a  drop  of  a  titanium  sulfate  solution  to  a  small  portion  of  the  mixture) :  lead 
acetate  solution  gave  no  precipitate  even  when  the  mixture  was  boiled. 

To  I  cc.  30%  H,0,  was  added  i  cc.  20%  PbAc,  solution:  a  brown  turbidity  appeared, 
but  violent  evolution  of  gas  began  almost  at  once  and  the  brown  color  vanished.  On 
heating  the  mixture  to  boiling,  no  precipitate  formed.  The  experiment  was  repeated 
except  that  i  drop  30%  acetic  add  was  also  added:  the  solution  remained  clear  at 
room  temperature,  but  on  heating  a  violent  evolution  of  gas  began,  and  the  mixture 
remained  clear  and  colorless. 

P.  X18,  N.  I.  The  Test  for  Chlorate.— 5' cc,  of  the  H^,  solution  used  in  the  fol- 
lowing experiments  were  equivalent  to  about  15  cc.  of  the  4%  AgNO,  solution.  Blank 
experiments  were  performed  in  which  10  cc.  4%  AgNO,  solution,  80  cc  water,  and 
known  amounts  of  HNO,  (i  .20)  were  mixed  and  5  cc.  H^SO,  solution  added:  a  lar^^e 
white  precipitate  of  Ag^O,  formed  in  the  presence  of  3  cc.  HNO,  (1.20),  but  none 
in  the  presence  of  4  cc.  or  5  cc.,  even  on  heating  to  boiling.  The  experiments  were  re- 
peated with  10-20  cc.  water,  instead  of  80  cc. :  the  results  were  the  same. 

The  experiment  with  5  cc.  HNO,  (i  .20)  in  100  cc.  was  repeated  in  the  presence 
of  I  mg.  CIO,  as  KCIO,:  within  3  minutes  at  room  temperature  the  mixture  was  turbid, 
and  within  ten  minutes  the  precipitate  was  very  distinct.  This  experiment  was  re- 
peated in  the  presence  of  25  cc.  HNO,  (i .20)  instead  of  5  cc.:  the  precipitate  of  AgCI 
formed  somewhat  more  quickly  than  in  the  experiment  with  less  add,  and  was  very 
distinct  in  less  than  3  minutes.  The  experiment  with  5  cc.  HNO,  in  100  cc.  was  re- 
peated in  the  presence  of  3  mg.  CIO,  as|^KC10,:  the  predpitate  appeared  ahnost  at  once 
and  increased  rapidly  in  amount. 

Reduction  of  Hypochlorite  by  Arsenite. — ^The  hypochlorite  solution  used  was  that 
described  above  in  C  E.,  P.  117,  N.  2,  and  was  two  weeks  old.  100  mg.  CIO  as  NaClO 
were  dissolved  in  50  cc.  water  and  10  cc.  HNO,  (1.20),  10  cc.  10%  alkalin  Na,AsO, 
solution  were  added  slowly,  and  at  intervals  a  few  drops  of  the  solution  were  placed 
on  filter  paper  moistened  with  KI  solution.  Even  with  this  large  excess  of  arsenite 
a  very  faint  test  for  iodine  was  still  obtained,  doubtless  due  to  the  equilibrium,  3HI  + 
H,As04  —  H,AsO,  +  I,  +  H,0.  AgNO,  solution  was  then  added  in  excess,  the 
predpitate  filtered  off,  and  the  filtrate  tested  for  chlorate  by  P.  118:  a  predpitate  of 
AgCl  was  obtained  whidi  was  estimated  to  correspond  to  3  to  5  mg.  QO,,  which 
amount  was  probably  present  in  the  original  NaClO  solution. 

P.  iiSy  N.  3.  Action  of  H^  on  AgBr  Suspended  in  Water. — To  100  mg.  Br  as 
freshly  predpitated  AgBr  were  added  about  70  cc.  water  and  a  few  drops  HNO,  (x  .20). 
and  H,S  was  passed  into  the  mixture  for  10  or  15  minutes:  the  white  predpitate  turned 
black  almost  immediately.  The  liquid  was  decanted  through  a  filter,  and  the  pre- 
dpitate was  treated  repeatedly  by  the  same  process,  except  that  in  the  fourth  and 
fifth  treatments  the  mixture  was  heated  to  boiling  before  filtration.  Each  filtrate  was 
boiled  until  the  H^  was  expelled,  AgNO,  solution  was  added,  and  the  amounts  of  Br 
extracted  by  the  successive  treatments  were  estimated  from  the  size  of  the  predpi- 
tates  to  be  about  50,  20,  10,  15  and  3  mg.,  respectively.  This  shows  that  about  half 
the  bromide  had  been  extracted  in  the  first  treatment,  even  in  the  cold.  The  experi- 
ment was  repeated  with  i  mg.  Br  as  AgBr:  a  good  test  for  bromide  resulted.  A  blank 
experiment  was  also  made,  which  gave  a  very  satisfactory  negative  result. 

100  mg.  Br  as  freshly  predpitated  AgBr  were  suspended  in  25  cc.  water  (not  00a- 
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taining  any  HNO,),  H^  was  passed  through  for  15  minutes,  the  mixture  heated 
to  boiling,  the* liquid  decanted  through  a  filter,  and  AgNO,  added:  a  precipitate 
of  AgBr  resulted  which  was  apparently  nearly  as  large  as  the  amount  taken.  The 
residue  from  the  H^  treatment  was  washed  and  heated  with  HNO,  (i . 20) :  the  residue 
(of  AgBr  and  S)  was  less  than  one-fifth  of  the  amount  taken. 

P.  Z19.  Delicacy  of  the  Sulfite  and  Thiosulfate  Tests. — 2  mg.  SO,  as  Na,SO,  were 
dissolved  in  8  cc.  water  and  2  cc.  10%  Na,CO,;  3  cc.  10%  Sr(NO,),  solution  were  added, 
the  mixture  was  acidified  with  acetic  acid  and  the  clear  solution  heated  to  boil- 
ing: a  finely  divided  precipitate  separated  at  once.  After  15  minutes  this  was  filtered 
off  and  treated  as  described  in  the  Procedure:  the  precipitate  of  BaSO^  was  distinct 
within  5  minutes  after  adding  the  bromine.  The  experiment  was  repeated  twice  with 
I  mg.  SO,  as  Na^SO,:  in  each  case  the  dear  solution  became  slightly  turbid  on  boiling, 
and  a  small  but  distinct  confirmatory  test  was  obtained.  The  experiment  was  repeated 
several  times  in  the  absence  of  sulfite :  the  solutions  remained  dear  on  boiling.  In  some 
cases  a  flocculent  predpitate  of  SrCO,  formed  while  the  mixture  was  being  heated,  but 
it  dissolved  on  the  addition  of  two  or  three  drops  of  acetic  add. 

Solutions  containing  3  mg.  S|0,  as  Na^S^O,  in  8  cc.  water  and  3  cc.  10%  Na,CO, 
were  treated  as  described  in  the  preceding  paragraph.  To  the  resulting  dear  solu- 
tions were  added  2  cc.  HCl  (i . 20),  and  the  mixtures  were  heated  to  boiling  and  allowed 
to  stand:  white  predpitates  of  sulfur  usually  appeared  within  half  an  hour.  The  ex- 
periment was  repeated  twice  with  2  mg.  S,0,;  the  solutions  remained  clear  for  about 
three  hours,  but  were  distinctly  turbid  in  four  hours.  The  experiment  was  repeated 
twice  with  i  mg.  S,0,:  the  solutions  appeared  to  be  nearly  dear  on  standing  over 
night,  but  became  turbid  when  the  mixtures  were  then  shaken  and  allowed  to  stand 
half  an  hour  longer.  These  experiments  were  repeated  with  an  excess  of  8  cc.  HCl 
(i  .20)  instead  of  2  cc.:  in  an  experiment  with  3  mg.  S,0,  the  solution  was  clear  after 
I  hour,  but  became  turbid  over  night,  while  in  the  experiments  with  2  and  i  mg.  no 
predpitates  formed  even  on  standing  24  hours.  This  shows  that  a  large  excess  of 
add  interferes  with  the  test. 

To  I  mg.  SgO,  as  Na,S,0,  dissolved  in  10  cc.  water  were  added  2  cc.  HQ  (1.12); 
the  mixture  was  heated  to  boiling  and  allowed  to  stand:  there  was  a  small  but  distinct 
turbidity  in  half  an  hour  which  increased  on  standing. 

Effect  of  Excess  of  Acetic  Acid  on  the  Thiosulfate  Test, — 100  mg.  S,0,  as  Na,S,0, 
in  8  cc.  water  and  2  cc.  10%  Na,CO,  solution  were  tested  for  sulfite  by  the  process 
described  in  the  preceding  section:  the  solution  remained  dear  on  boiling.  The  experi- 
ment was  repeated,  except  that  an  excess  of  5  cc.  30%  acetic  add  was  added:  the  solu- 
tion became  turbid  when  it  was  boiled,  but  the  small  sulfur  predpitate  did  not  increase 
in  amount  when  the  mixtture  was  set  aside  at  room  temperature.  The  experiment  was 
repeated  with  an  excess  of  only  i  cc.  30%  acetic  add:  a  faint  turbidity  appeared  when 
the  mixture  was  boiled;  the  mixture  was  slightly  turbid  after  i  hour,  but  was  clear 
after  three  hours. 
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The  value  of  an  adiabatic  eqtiipment  to  a  bomb  calorimeter  lies  in 
the  fact  that  such  a  device,  if  only  simple  enough,  may  be  a  means  both 
of  saving  time  and  of  greater  accuracy  in  determining  the  heat  of  com- 
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bustion.  It  does  away  with  much  tedious  computation,  and  the  correct 
temperature  of  the  calorimeter  before  and  after  a  combustion  is  more 
readily  obtained. 

Adiabatic  devices  differing  in  principles  have  been  described  by  Rich- 
ards, Henderson  and  Trevert,^  and  Benedict  and  Higgins,'  but  since 
these,  however  valuable  in  themselves,  are  not  made  so  as  to  be  easily 
adjusted  to  bomb  calorimeters  that  are  already  installed  and  in  use,  a  sim- 
pler device  was  sought  for  to  fill  that  want. 

The  problem  was  satisfactorily  solved  by  applying  to  the  bomb  cal- 
orimeter the  same  principle  which  is  used  in  the  respiration  calorimeter 
according  to  Atwater  ^d  Rosa.  Any  bomb  calorimeter  of  the  Atwater- 
Berthelot  type  can  be  made  adiabatic  without  much  expense  by  a  simple 
device. 

The  materials  which  were  used  in  the  construction  of  the  apparatus 
were  such  as  could  be  picked  up  around  the  laboratory.  Hence  it  is  not 
so  much  the  material  as  the  principle  which  I  want  to  emphasize. 

The  following  is  a  description  of  the  arrangement  for  making  the  bomb 
calorimeter  adiabatic: 

Heating  Device. — ^This  consists  of  a  German  silver  wire  about  3.5  meters 
long  and  0.8  nmi.  in  diameter,  having  a  total  resistance  of  about  6.1 
ohms.  This  wire  was  strung  through  small  brass  eyelets  screwed  directly 
into  the  inner  insulating  fiber  jacket  of  the  modified  Atwater-Berthelot 
bomb  calorimeter  which  we  are  using.  The  eyelets  were  so  arranged 
that  there  was  one  coil  of  wire  near  the  bottom  a  little  distance  from  the 
sides,  the  rest  of  the  wire  then  going  up  and  down  along  the  sides  making 
eight  loops  spaced  as  evenly  as  convenient  and  coming  to  within  30  mm. 
of  the  top  of  the  inner  fiber  jacket.  The  two  ends  were  fastened  to  insu- 
lated copper  wire  and  brought  out  through  the  side  of  the  fiber  jackets. 
It  was  wired  in  this  fashion  in  order  to  avoid  any  induction  by  the  current. 
Both  direct  and  alternating  currents  have  been  tried.  At  present  we 
use  only  alternating  current.  The  current  which  suits  this  particular 
wire,  or  resistance,  and  which  will  give  the  heat  needed  quickly  enough 
is  taken  from  a  no  volt  circuit  through  five  32  c.  p.  carbon  filament 
lamps  in  parallel.  The  distance  between  heating  wire  and  fiber  vessel  is 
about  6  mm.  on  the  average,  leaving  15  to  20  mm.  between  wire  and 
calorimeter. 

With  this  device  alone,  however,  it  was  found  impossible  to  measure 
the  true  rise  in  temperature  of  the  air  quickly  enough  by  means  of  mercury 
thermometers  to  make  possible  any  use  of  it  in  connection  with  the  heat 
meastu-ements. 

Air   Thermometer. — Merctuy   thermometers   being   found   useless    for 

'  Proc.  Amer.  Acad.  Arts  and  Set.,  42,  No.  21  (March,  1907). 
■  This  Journal,  32,  461  (1910). 
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measuring  the  air  temperature,  and  electric  thermometers  being  di^cult 
and  costly  to  instal,  it  was  finally  decided  to  use  an  air  thermometer. 
Besides  securing  a  quick  registration  of  the  resulting  rise  in  temperattu'e, 
it  was  also  necessary  to  provide  some  way  to  regulate  the  heating  effect 
upon  the  calorimeter  and  make  it  uniform.  To  use  any  kind  of  blower 
would  complicate  matters,  but  the  problem  was  solved  by  placing  the 
calorimeter  inside  a  double  walled  copper  jacket  which  constitutes  the 
bulb  of  the  air  thermometer. 

Copper  Jacket. — This  double  walled  cylindrical  copper  jacket  was 
made  of  polished  sheet  copper  about  0.25  mm.  thick  and  has  a  4  mm. 
air  space  between  the  walls  and  bottoms.  In  the  bottoms  there  are 
three  holes  through  which  project  three  screw  heads  on  which  the  calorim- 
eter rests.  The  diameter  of  this  jacket  is  such  that  when  the  calorim- 
eter is  in  place  there  is  an  air  space  of  about  4  mm.  between  the 
calorimeter  and  copper  at  the  sides  and  5  mm.  at  the  bottom,  and  the 
upper  edge  of  the  copper  is  on  the  same  level  as  the  upper  edge  of  the 
calorimeter.  The  copper  jacket  rests  on  three  corks  and  is  held  in  position 
by  corks  at  the  sides,  and  the  calorimeter  is  kept  in  its  position  within 
the  jacket  by  means  of  a  few  pasteboard  blocks  glued  on  the  sides  of  the 
copper.  Care  must  be  taken  that  the  different  metals  do  not  touch 
at  any  point.  ^  At  the  upper  edge  a  small  brass  tube  is  soldered  into 
the  copper  and  connected  by  good  rubber  to  a  piece  coming  through  the 
fiber  walls  from  the  outside.  When  this  air-tight  jacket  has  once  been 
placed  in'position,  it  remains  as  a  permanent  part  of  the  apparatus. 

Tube  and  Water  Reservoir. — ^The  thermometer  consists,  besides  the 
copper  jacket,  of  a  glass  tube,  bore  about  2  mm.,  which  is  placed  at  an 
angle  of  about  14  degrees.  It  is  bent  in  U  shape  at  the  end  near  the 
jacket  and  from  the  bend  to  the  extremity  is  85  cm.  long.  The  tube 
is  supported  against  a  fixed  strip  of  wood,  which  also  serves  as  a  support 
for  the  calibrated  paper  scale.  Between  the  brass  tube  coming  from  the 
apparatus  and  the  end  of  the  glass  tube,  the  bulb  of  a  25  cc.  pipet  is 
inserted.  This  pipet  bulb  serves  as  a  reservoir  for  the  water  (colored  with 
litmus)  which  serves  as  the  indicating  column,  and  the  total  water  in 
the  system  should  not  be  quite  sufficient  to  fill  the  bulb.  This  is  to  pre- 
vent the  water  from  being  drawn  into  the  jacket  should  the  temperattu*e 
ever  go  below  the  range  of  the  thermometer. 

With  the  copper  jacket  and  tube,  as  described,  one  degree  change  in 
temperature  equals  12.5  cm.  on  the  glass  tube.  This  was  considered 
sensitive  enough,  although  the  air  thermometer  can  be  made  more  or 

^  It  may  be  stated  that  in  order  to  make  it  convenient  to  lower  the  calorimeter 
filled  with  water  into  the  copper  jacket  a  depression  is  made  on  each  side  at  the  upper 
edge  of  the  jacket  so  that  the  fingers  can  grip  conveniently  over  the  edge  of  the 
calorimeter  when  handled. 
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less  sensitive  by  using  a  smaller  or  larger  bore  tube,  or  by  placit^  it  at 
a  different  angle. 


A  M  Calorimeter  with  water. 

B  »  Double-walled  copper  ja^et 

C  =  Resistance  wire. 

Calibration  of  the  Air  Thermometer. — ^This  air  tbermometer  is  sensitive 
both  to  heat  and  barometric  pressure,  but  since  the  latter  rarely  changes 
materially  during  the  short  time  required  for  a  heat  determination  no 
correction  for  pressure  is  necessary. 

In  order,  however,  to  provide  for  the  use  of  the  full  range  of  the  Beck- 
niann  thermometer  the  glass  tube  must  be  a  little  longer  than  is  needed 
for  the  given  number  of  degrees,  so  as  to  allow  for  some  changes  in  the 
atmospheric  pressure.  Shotild  the  barometric  pressure  change  con- 
siderably during  the  day  the  air  thermometer  can  be  adjusted  to  the 
existing  temperature  and  pressure  conditions  in  a  moment  by  opening 
the  air  valve  on  the  brass  pipe  just  outside  the  fiber  jacket.  The  amount 
of  water  in  the  tube  should  be  such  that  when  the  air  valve  is  open  the 
water  coluimn  stands  a  little  above  the  bend  of  the  tube.  To  prepane 
the  scale  representing  centigrade  degrees  a  good  mercury  thermometer 
on  which  o.oi "  can  be  estimated  by  aid  of  a  lens  is  placed  in  the  copper 
jacket,  the  covers  are  put  on,  and  the  apparatus  allowed  to  stand  until 
the  conditions  have  reached  constancy.  The  air  valve  is  then  dosed, 
the  thermometer  lifted  up  and  read  and  the  position  of  the  water  column 
marked. 
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Heat  is  then  applied  by  means  of  the  electric  current  and  the  water 
column  is  kept  constant  at  another  point  until  the  mercury  thermometer 
standing  in  the  copper  jacket  has  reached  a  maximum.  This  point 
is  marked  and  the  corresponding  rise  in  temperature  of  the  jacket  is 
noted.  This  operation  is  repeated  until  a  sufficient  number  of  points 
have  been  established  to  permit  the  making  of  the  scale  which  should  be 
graduated  at  least  to  o.i®.  If  the  calibration  is  extended  over  con- 
siderable periods  of  time  during  tmsettled  weather  conditions,  the 
barometric  pressure  should  be  noted  and  corrected  for,  if  necessary. 

Being  affected  by  two  factors,  heat  and  pressure,  a  fixed  scale  is  of  no 
value,  a  movable  one  must  be  used,  one  that  can  be  set  to  any  point 
within  several  degrees.  In  order  to  have  the  degrees  of  equal  length 
upon  the  tube,  care  must  be  taken  in  selecting  one  having  a  uniform 
bore. 

Sensitiveness. — ^The  long  space  on  the  scale  equal  to  a  tenth  of  a  degree 
makes  it  easy  to  estimate  to  a  hundredth  of  a  degree  by  the  naked  eye 
at  some  little  distance  away.  The  heating  effect  of  the  electric  ciurent, 
previously  referred  to,  may  be  seen  from  the  following  table  which  gives 
the  time  of  the  current  in  seconds,  and  the  rise  in  temperature  of  the  air 
thermometer  at  different  intervals.  These  results  may  vary  somewhat 
with  the  temperattu-e  condition  of  fiber  jackets  and  surroimding  air, 
as  well  as  with  changes  in  voltage. 

Tabls  I. 
Rise  in  temperatiire  in 

Total. 

0.76 
1.05 

1.35 
1.63 

i.Sx 

2.00 

In  about  iVa  minutes  after  the  cturent  is  off,  the  water  colunm  has 
practically  ceased  to  rise  and  in  3  to  4  minutes  the  maximum  rise  is  reached. 
Here  it  remains  constant  for  some  minutes  before  it  begins  to  fall  again, 
so  that  unless  one  wishes  to  take  the  readings  of  the  calorimeter  tempera- 
ture for  a  longer  period  than  3  or  4  minutes  after  the  maximum  has  been 
reached,  it  is  not  necessary  to  hold  the  temperattu-e  of  the  air  thermometer 
constant  by  further  short  contacts. 

When  a  charge  is  ignited  in  the  bomb,  the  Beckmann  thermometer 
will  begin  to  show  a  rise  in  10  seconds,  increasing  so  that  the  most  rapid 
rise  is  between  30  and  60  seconds  after  ignition.  In  30  seconds  after 
ignition  of  a  substance  in  the  bomb  the  heat  from  the  calorimeter  is  be- 
ginning to  show  on  the  air  thermometer. 


Current  in 
seconds. 

30  seconds. 
°C. 

1  minute, 
*»C. 

20 

0.28 

0.58 

25 

0.35 

0.78 

30 

0.52 

0.95 

35 

0.52 

1. 17 

40    . 

0.52 

1.37 

45 

0.52 

1.58 
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The  air  thermometer  begins  to  show  the  effect  of  the  heating  current 
in  less  than  8  seconds,  and  sooner  when  the  air  between  copper  and  fiber 
jacket  is  stirred  by  means  of  a  rubber  bulb.  The  effect  which  this  heating 
has  upon  the  calorimeter  may  be  seen  from  the  following  observations, 
giving  the  change  in  calorimeter  temperature  per  minute  which  took 
place  during  a  given  period  of  time  with  a  given  difference  between  the 
average  of  the  air  and  calorimeter  thermometers. 

During  these  tests  the  calorimeter  contained  the  bomb  and  2000  grams 
of  water,  which  was  stirred  as  during  a  heat  determination. 

Table  II. — ^Tempsraturb  Variations  in  Calorimbtsr  Dxm  to  Dippsrbnce  between 
ITS  Temperature  and  the  Surrounding  Air  Temperature. 


■ 

Minutes. 

Tem{>erature  of 
calorimeter  water. 

Average  of  air 
thermometer. 

Difference. 

Chanj^e  in 
calorimeter  tem- 
perature per  minute» 

ist  to    4th 

24.182^ 

24.40^ 

0.22** 

0^ 

5th  to  nth 

24.190 

24 -97 

0.78 

+  0.0025 

i2th  to  i6th 

24 . 207 

25-25 

1 .04 

+  0.0035 

ist  to    9th 

24.086 

23.96 

—0.13 

— 0.0008 

loth  to  13th 

24.080 

24.00 

—0.08 

— O.QOO4 

I  t  to    5th 

26.040 

25.20 

-—0.84 

— 0.0050 

6th  to    8th 

26.023 

25.73 

--O.29 

—0.0035 

9th  to  14th 

26.017 

25.96 

— 0.06 

— 0.0008 

In  these  short  tests  the  temperature  of  the  calorimeter  was  about 
0.5°  above  that  of  the  fiber  jackets  in  the  case  of  the  first  five,  and  about 
2.5^  above  in  the  last  three. 

From  the  foregoing  figiu-es  we  see  that  with  the  air  thermometer  0.22®^ 
above  that  of  the  calorimeter  no  change  was  observed*  in  the  calorimeter 
temperature  during  four  minutes.  When  heat  was  applied  so  that  the 
air  thermometer  registered  0.78°  on  an  average  more  than  the  calorimeter 
temperatiu-e  there  was  a  rise  of  0.0025*^  per  minute,  etc.  On  the  other 
hand  we  see  a  drop  in  the  temperatm^e  of  the  calorimeter  when  the  air 
thermometer  was  allowed  to  fall  below  that  of  the  calorimeter.  At 
the  upper  limit  of  the  scale  and  with  the  abnormally  great  diflference 
in  temperature  between  the  calorimeter  and  fiber  jackets  the  drop  in  the 
calorimeter  temperature  was  relatively  somewhat  greater  than  in  the 
first  cases. 

Tests  of  the  Apparatus, — ^The  purpose  of  the  adiabatic  device  is  to  pre- 
vent loss  of  heat  from  the  calorimeter  when  its  temperattu-e  is  raised 
above  that  of  the  surrotmding  media  during  a  determination.  A  test,, 
therefore,  of  the  eflBiciency  of  the  arrangement  would  be  to  be  able,  by  the 
use  of  it,  to  hold  the  calorimeter  temperature  constant  when  it  is  higher 
■  than  the  room  temperature  and  that  of  the  rest  of  the  apparatus. 

Of  the  three  tests  of  longer  duration  given  below,  one  (a)  was  made 

*  near  the  upper  limit  of  the  scale,  with  a  difference  of  about  1.5°  between 

the  calorimeter  and  the  rest  of  the  apparatus.     In  another  trial  (b). 
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near  the  lower  limit  of  the  sca|e,  there  was  a  difference  of  about  0.5^ 
between  the  calorimeter  contents  and  the  fiber  jackets  and  covers.  A 
third  trial  (c)  is  given  in  which  the  temperature  of  the  bomb  contents 
was  adjusted  practically  to  that  of  the  rootn  and  the  rest  of  the  apparatus. 
In  this  case  no  heat  was  applied,  the  water  being  stirred  as  in  a  determina- 
tion of  heat  of  combustion.  Under  these  conditions  there  should  be  no 
change  in  the  temperature  anywhere.  Having  no  automatic  heat  regulator 
in  the  room,  perfect  test  conditions  could  not  be  obtained  but  they  were 
sufficiently  so  for  our  purpose. 

Table  III. 

(a)  («  (e) 


Minutes. 

Calorimeter 
temperature. 

Air 
thermometer. 

Calorimeter 

temperature. 

Air 
thermometer. 

Calorimeter 
temperature. 

Air 
thermometer 

i 

ISt 

25.189** 

25.35** 

21.358** 

21.47 

21.491** 

21. 48* 

3rd 

25.189 

25.34 

21.358 

21.47 

21.491 

21.48 

5th 

25.189 

25*34 

21.358 

21.47 

21.491 

21.49 

7th 

25.189 

25.34 

21.358 

21.47 

21.491 

21.49 

9th 

25 . 190 

25.33 

21.359 

21.47 

21.491 

21.49 

nth 

25.190 

25  30 

21.358 

21.44 

21.492 

21.49 

i3tli 

25.190 

25.29 

21.357 

21.46 

2 1 . 492 

21.49 

15th 

25.190 

25.29 

21.357 

21.46 

21.493 

21.49 

17th 

25.190 

25.28 

21.357 

21.47 

21.493 

21-49      . 

19th 

•    •    ■    • 

•   •    • 

21.357 

21.48 

•    •    •    • 

•   «    • 

2XSt 

•    •    •    • 

•    •    • 

21.357 

21.49 

»    •    •    • 

•   ■    « 

24th 

■    •    •    • 

•    ■    ■ 

21.357 

21.50 

•    •    >    • 

•   •   • 

In  (a)  and  (6)  of  the  above  tests  the  calorimeter  and  its  contents  were 
warmer  than  the  rest  of  the  apparatus  when  placed  in  positioi^.  After 
being  placed  in  position  and  the  stirrer  started  the  heat  was  applied 
gradually  tmtil  the  air  thermometer  registered  as  noted  in  the  table. 

At  the  beginning  of  test  (a)  when  the  air  thermometer  registered  0.16° 
above  that  of  the  calorimeter  the  temperature  of  the  latter  remained 
constant  for  5  minutes.  After  that  there  was  a  tendency  of  the  calorimeter 
temperature  to  rise,  but  it  remained  constant  when  the  difference  in 
temperature  was  gradually  falling,  tmtil  at  the  end  of  the  test  it  was 
but  o.io*'.  With  a  difference  of  0.11°  in  the  beginning  of  test  (6)  the 
temperature  of  the  calorimeter  remained  constant  for  9  minutes.  Only 
a  slight  cooling  of  the  air  caused  a  drop  in  the  calorimeter  tempera* 
ture,  but  with  a  difference  of  0.13®  the  temperature  again  remained  con- 
stant. 

The  fact  that  it  is  necessary  to  have  the  air  thermometer  read  o.io- 
0.16^  higher  than  the  calorimeter  in  order  to  keep  the  latter  at  a  constant 
temperature  may  be  ascribed  to  the  fact  that  there  is  a  constant  radiation 
of  heat  from  the  water  surface  and  top  of  the  calorimeter  to  the  colder 
air  and  covers.  It  being  impracticable  to  extend  the  copper  jacket  over 
the  top,  extra  heat  must  be  supplied  through  the  sides  and  bottom  of 
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the  calorimeter  to  compensate  for  the  Iqss  of  heat  at  the  top  and  keep 
the  whole  system  in  equilibrimn. 

This  necessary  difference  in  temperatm^  wiU  no  doubt  vary  with 
each  instrument  while,  as  the  foregoing  results  show,  and  as  would  be 
expected,  it  is  greater  the  greater  the  excess  of  the  calorimeter  tempera- 
ture is  over  that  of  the  surroundings.  When  working  under  tmiform 
conditions,  a  little  experience  will  soon  show  what  excess  is  necessary. 

In  test  (c)  of  Table  III,  no  heat  was  applied,  but  the  water  in  the 
calorimeter  was  stirred  as  during  the  other  tests.  After  the  fourth  minute 
the  air  thermometer  remained  constant,  but  the  calorimeter  temperatiure 
rose  0.002  °  in  17  minutes.  This  slight  rise  in  the  calorimeter  temperature 
can  only  be  ascribed  to  one  of  two  causes.  It  must  either  be  due  to  heat 
generated  by  the  stirrer  or  else  due  to  increase  in  barometric  pressure 
affecting  the  reading  of  the  air  thermometer.  The  writer  inclines  to  the 
latter  explanation,  although  dining  these  tests  the  weather  was  rainy 
and,  hence,  there  is  a  possibility  that  the  heat  produced  by  friction  of 
the  stirrer  may  have  exceeded  the  loss  of  heat  due  to  evaporation  of 
water,  which  under  ordinary  winter  conditions,  judging  from  common 
observations  only,  appears  to  exceed  that  produced  by  friction  of  the 
stirrer. 

Rise  in  Temperature  Due  to  Combustion. — For  the  particular  bomb 
calorimeter  in  question  the  rise  in  temperature  due  to  a  definit  number 
of  calories  generated  in  the  bomb  may  be  seen  in  the  following  table: 

Tabls  IV. — RisB  IN  Cau>rihstsr  Tsmpsraturb  whsn  Hbat  is  Genbratbd  im 

THE  Bomb. 


Heat  generated. 
Calories. 

Rise  first  minute. 

Total  rise. 

5000 

1.60° 

2.06** 

4500 

1-35 

1.86 

4000 

1. 10 

1.65 

2000 

0.56 

0.80 

The  rise  in  temperature  during  the  first  mhiute  may  vary  slightly 
according  to  the  nature  of  the  substance  ignited. 

Manipulation, — ^While  the  bomb  is  gotten  ready  for  a  determination, 
both  covers  of  the  apparatus  are  kept  in  position  and  a  good  mercury 
thermometer  is  allowed  to  stand  in  the  copper  jacket.  When  the  bomb 
has  been  charged  with  oxygen,  and  the  necessary  amount  of  water,  a 
little  warmer  than  the  apparatus,  has  been  put  in  the  calorimeter,  the 
air  valve  is  closed,  the  temperature  of  the  air  in  the  apparatus  is  taken, 
and  the  scale  set  so  that  the  end  of  the  water  column  will  indicate  that 
temperature.  The  covers  are  now  removed,  calorimeter  and  bomb 
placed  in  position  and  stirrer  started.  After  a  couple  of  minutes  raise 
the  air  thermometer  readings,  by  making  short  contacts,  to  o.io®  to 
0.15°  above  the  reading  of  the  Beckmann  thermometer  in  the  calorimeter 


ADIABATIC   D9VICB  ^OR  BOMB  CAI^ORIMETER.  65 1 

water.  Take  a  reading  or  two  to  be  sure  that  the  calorimeter  temperature 
remams  constant.  Ignite  the  charge  and  at  the  same  tune  dose  the 
switch  on  the  heating  circuit. 

The  length  of  time  during  which  the  cturent  should  be  on  depends 
upon  the  amount  of  heat  generated  in  the  bomb.  If,  for  instance,  we 
expect  about  4500  calories,  a  glance  at  Table  IV  shows  that  the  total 
rise  in  temperature  will  be  1.86°  and  about  1.35^  at  the  end  of  the  jBrst 
minute.  From  Table  I  we  see  that  the  current  on  for  40  seconds  with 
perhaps  one  or  two  additional  short  contacts  will  meet  the  conditions. 
Whether  the  total  current  should  be  on  continuously  for  that  length  of 
time,  or  whether  under  any  conditions  it  would  be  of  advantage  to  make 
shorter  contacts  with  some  seconds  of  time  between,  experience  will  soon 
dedde. 

Readings  of  the  thermometers  are  taken  as  usual  every  minute.  The 
maximum  temperattu-e  will  be  obtained  in  from  3  to  5  minutes  according 
to  the  charge.  In  most  cases  4  minutes  deddes  the  maximum  rise,  but  a 
couple  more  readings  should  be  taken  to  make  sure  that  the  temperattu-e 
is  constant. 

Campidaiion. — ^The  computations  are  much  simplified  by  this  method 
of  determination.  Only  the  reading  of  the  Beckmann  thermometer  taken 
at  the  time  of  ignition  and  the  maximum  reading  after  ignition,  usually 
at  the  fourth  minute,  receive  the  thermometer  corrections.  The  true 
temperature  difference  is  multiplied  by  the  water  equivalent  of  the  ap- 
paratus, and  from  this  product  is  subtracted  the  heat  due  to  the  iron  wire 
or  other  material  used  for  ignition  and  the  add  formed  dtuing  the  com- 
bustion. 

Cooling  the  Apparatus  for  the  Next  Determination, — ^As  determinations 
are  usually  made  with  the  bomb  calorimeter,  considerable  time  elapses 
between  the  ignitions,  and  the  copper  jacket  and  air  wall  acquire  the  room 
temperattu'e  without  any  further  attention.  To  hasten  the  lowering 
of  the  temperattu'e,  a  small  toy  fan,  5  inches  in  diameter,  and  driven 
by  2  to  3  dry  batteries,  can  be  placed  above  the  apparatus  for  a  few  minutes, 
or  a  beaker  or  other  vessel  with  cold  water  may  be  set  down  in  the  copper 
jacket  for  a  little  while.  The  covers  are  then  put  on,  the  mercury  ther- 
mometer replaced  and  the  apparatus  allowed  to  stand  to  be  ready  for  the 
next  determination. 

Energy  Determinations  Influenced  by  Air  Temperature, — ^The  following 
table  gives  the  difference  in  temperattu-e  between  the  calorimeter  and  the 
stuTounding  air  space  at  different  times  during  the  determination  and 
also  the  results  obtained  for  the  heat  of  combustion  of  benzoic  add. 

These  foiw  determinations  show  a  range  of  air  temperattu-e  conditions 
within  which  it  is  easy  to  keep  the  apparatus  and  the  results  come  prac- 
tically within  the  limit  of  analytical  error,  the  theoretical  value  of  benzoic 
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Tabids  V. — ^Air  Tsmpbraturb  aBovs  or  bblow  yhb  Cai^rimstbr  Tsmferaturs. 


it  time  of 
ignition. 
"C. 

1  minute  after 
ignition. 

Averoce  during 
4  minutes. 

Calories  per 
gram  ben- 
zoic add. 

+  0.34 

—0.25 

+0.13 

6323 .0 

+  O.II 

—0.15 

+  0.01 

6315.0 

+0.16 

+  0.05 

+0.16 

6316.3 

+  0.13 

—0.25 

+0.13 

6323.3 

acid  being  6320  calories  according  to  the  U.  S.  Bureau  of  Standards. 
These  results  show  that  the  adiabatic  arrangement  is  very  sensitive 
and  capable  of  giving  very  good  results. 

Statb  Collbob.  Pa. 


[Contribution  from  thb  Chemical  Laboratory  of  the  Univbrsity  of  Illinois.] 

A  STUDY  OF  COBALTmiTRITES  AM)  THEIR  APPLICATION  TO 

ANALYTICAL  CHEMISTRY. 

By  LAtmiB  IX»KMB  BUROBSS  AND  OLIVBK  KaMM. 

Received  March  5,  1912. 

A.  Silver-Potassium  Cobaltinitrites:  A  New  Qualitative  Test  for  Potassium. 

The  quantitative  determination  of  the  alkali  metals  has  long  been 
one  of  the  most  troublesome  of  analytical  problems.  In  190O1  Adie  and 
Wood^  demonstrated  the  possibility  of  employing  the  cobaltinitrite 
method  for  potassium  as  a  rapid  and  accurate  volumetric  process,  and 
since  that  time  much  work  has  been  done  to  bring  it  to  perfection.  The 
solution  of  this  problem  is  of  prime  importance  to  agricultural  chemists 
and  consequently  the  activity  in  this  field  has  been  confined  mainly  to 
them.  Notwithstanding  a  good  deal  of  careful  work,  results  obtained 
have  proven  far  from  satisfactory.  For  this  reason  we  have  tmdertaken 
a  rather  extensive  theoretical  study  of  the  subject,  hoping  to  overcome 
the  difficulties  now  encountered  in  its  application  to  analytical  work. 
Our  method  of  attack  has  been  from  the  physico-chemical  standpoint, 
for ^ we  believe  that  this  problem  will  be  solved  only  after  having  obtained 
a  proper  knowledge  of  the  behavior  of  these  complex  substances  when 
in  solution.  It  was  dtuing  the  course  of  such  an  investigation  that  a 
series  of  new  compounds  was  prepared,  and  it  is  the  purpose  of  this  article 
to  recommend  one  of  them  as  a  new  qualitative  test  for  potassium. 

In  this  preliminary  paper  we  do  not  intend  to  give  a  historical  review 
of  the  subject.  It  may  be  necessary,  however,  to  mention  the  work 
of  Drushel,^  Bowser,*  and  Shedd,*  all  of  whom  have  attempted  to  apply 
the  dipotassium  sodium  cobaltinitrite,  KjNaCo(N02)^,  to  the  quantitative 

*  /.  Chem,  Soc.,  77,  1076  (1900). 

*  Am,  /.  Set,,  24, 433  (1907);  36,  329;  26,  555  (1908);  Chem,  News,  97,  124  (1908). 
' /.    Ind.   Eng.    Chem.,    i,    791    (1909);    Chem.  News,    loi,    100  (19 10);  This 

Journal,  32,  78  (1910). 

*  J.  Ind.  Eng.  Chem.,  x,  302  (1909);  2,  379  (1910)' 
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determination  of  potassium.  The  use  of  the  same  reaction  as  a  qualitative 
test  will  be  found  described  in  most  text-books  on  ''Qualitative  Analysis." 
Bray^  has  shown  that  the  test  is  delicate  enough  to  detect  sixty  parts 
of  potassium  per  million,  provided  a  large  excess  of  reagent  is  used. 
Recently,  Bowser'  has  increased  its  sensitiveness  by  precipitating  in  the 
presence  of  ethyl  alcohol.  A  similar  reaction,  depending  upon  the  forma* 
tion  of  the  tripotassium  salt,  Kfio(SO^^,  is  commonly  used  in  the 
analytical  laboratory  for  the  detection  of  cobalt  in  the  presence  of  nickel. 
As  little  as  two  parts  of  cobalt  per  million  may  be  detected  in  this  way. 
The  method  was  originally  proposed  by  Fischer'  in  1848. 

The  reagent  used  in  these  qualitative  tests  is  a  solution  of  the  sodium 
salt,  Na,Co(N02)«,  which  may  be  prepared  as  described  by  Adie  and 
Wood.*  We  have  fotmd  it  preferable,  however,  to  use  a  solution  of  the 
pure  substance,  thus  eliminating  the  large  excess  of  sodium  and  cobaltous 
salts  as  well  as  acetic  acid  which,  as  will  be  shoMm  later,  interfere  with 
the  sensitiveness  of  the  reagent.  The  pm-e  sodium  salt  may  be  pre- 
pared by  precipitation  with  ethyl  alcohol  as  described  by  Cunningham 
and  Perkin.*  In  the  following  experiments  we  have  used  a  freshly  pre-*^ 
pared  25%  solution  of  pure  sodium  cobaltinitrite. 

When  a  drop  of  this  reagent  is  added  to  a  solution  containing  1% 
of  potassium,  a  yellow  precipitate  is  formed  immediately,  which  consists 
of  tripotassium  cobaltinitrite,  El3Co(N02)ai  or  of  the  dipotassium  salt, 
KjNaCo(N03)e,  according  to  the  amotmt  of  reagent  used.*  In  the  pres- 
ence of  silver  ion,  however,  the  corresponding  silver  salts  are  formed. 
The  entire  series  is  represented  here. 

Na,Co(NOj)e  — >  Na,KCo(NO,).  — ►  NaK,Co(NO,)e  — >  K3Co(NO^e. 

Ag,Co(NO,),  — ^  Ag,KCo(NO^.  — ►  AgK,Co(NO^,. 

It  would  appear  that  as  we  replace  soditun  in  the  trisodium  salt  with 
potassium,  we  obtain  less  soluble  substances.  In  the  same  manner  if 
we  replace  sodium  in  the  sodium-potassium  derivatives,  with  silver, 
we  obtain  even  less  soluble  salts — ^the  silver-potassium  cobaltinitrites. 
The  delicacy  of  the  latter  reaction  is  shown  by  the  following  experiment : 
A  drop  of  reagent  added  to  a  very  dilute  solution  of  potassium  (less  than 
100  parts  per  million)  produces  no  perceptible  precipitate.  If  the  test 
is  repeated  in  the  presence  of  o.oi  A^  silver  nitrate,  a  copious  yellow  pre- 
cipitate is  formed  immediately.  In  the  absence  of  potassium  nitrate 
but  using  the  same  concentration  of  silver  as  before,  it  is  found  that  the 

*  This  Journal,  31,  613-621-633  (1909). 

*  Ibid,,  33,  1566,1752  (1911). 
»  Pogg,  Ann.,  74,  124  (1848). 

*  Loc.  cU. 

*  /.  Chem.  Soc.,  95,  1562  (1909). 

*  Ibid.    (See  also  Gilbert,  "Inaugural  Dissertation,"  Tabingen,  1898.) 
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trisilver  and  the  silver-sodium  salts  are  not  precipitated.  Because  of 
this  fact  it  is  possible  to  use  these  silver-potassium  cobaltinitrites  as 
a  delicate  qualitative  reaction  for  potassium.  In  applying  the  test, 
it  is  essential  that  the  solution  be  neutral  or  only  slightly  acidified  with 
acetic  acid.  Halogens  may  be  removed  by  the  addition  of  silver  nitrate, 
a  large  enough  excess  being  added  so  as  to  obtain  approximately  a  o.oi  N 
solution.  Interference  due  to  the  presence  of  other  substances  is  dis- 
cussed below. 

In  the  usual  scheme  of  analysis  the  test  may  be  applied  after  the  re- 
moval of  the  heavy  metals.  The  filtrate  from  the  latter  is  acidified 
with  an  excess  of  nitric  acid,  evaporated  to  dryness  and  the  ammonium 
salts  volatilized.  The  residue  is  extracted  with  water  and  the  solution 
tested  for  potassium  in  the  manner  already  described. 

The  silver-potassium  cobaltinitrite  precipitate  is  very  insoluble,  in 
fact,  it  serves  to  detect  even  less  than  one  part  of  potassium  per  million. 
It  comes  down  in  a  very  finely  divided  condition,  and  examination  under 
the  microscope  shows  it  to  be  amorphous.  It  exhibits  a  marked  tendency 
lo  pass  into  the  colloidal  condition  when  washed  with  pure  water  but  is 
coagulated  by  solutions  of  electrolytes.  Alcohol  serves  the  same  pur- 
pose. The  color  of  the  precipitate  varies  from  yellow  to  orange  according 
to  the  conditions  of  the  precipitation.  Its  composition  also  appears 
to  be  dependent  upon  these  conditions;  the  larger  the  excess  of  silver 
present  in  the  original  solution  the  more  will  be  foimd  in  the  precipitate. 
There  is  also  a  slight  tendency  for  sodium  to  be  carried  down;  the  nature 
and  extent  of  this  contamination  is  under  investigation  at  the  present 
time. 

The  delicacy  of  this  qualitative  test  for  potassium  is  shown  by  the 
following  table.  The  fourth  column  represents  approximately  the  time 
required  for  the  decomposition  of  the  precipitate,  a  phenomenon  which 
accounts  for  the  varying  results  obtained  when  determining  the  solubility 
of  any  cobaltinitrite.  As  would  be  expected,  the  precipitate  is  more 
stable  in  the  presence  of  an  increased  volume  of  reagent. 

Tablb  I. 


irts  potaflsinm 
per  million. 

Vol 

.  NaaCo(NOa)« 
used. 

Precipitate 
appeared  after, 

PrecipiUte 
lasted. 

3.0 

I  drop 

almost  immediate 

60  min. 

3.0 

I  drop 

almost  immediate 

30  min. 

I.O 

I  drop 

15  sec. 

5  min. 

0.5 

0.5  cc. 

2  min. 

30  nun. 

0.2 

1 .0  cc. 

turbidity  after  a  few  min. 

All  of  the  above  tests  were  made  at  a  temperatiu-e  of  15°,  and  the  same 
concentration  of  silver  nitrate  (0.0 1  N)  was  used  in  every  case. 

It  is  thus  seen  that  the  silver-potassium  cobaltinitrite  precipitate  serves 
^  an  extremely  delicate  qualitative  reaction  for  potassium.     Its  ad- 
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vantages  over  the  old  method  are:  (i)  It  is  more  sensitive.^  (2)  The 
test  may  be  made  with  the  use  of  a  single  drop  of  reagent  added  to  100 
cc.  of  the  solution. 

When  a  mere  trace  of  potassium  is  to  be  detected,  the  temperattu-e 
of  the  solution  must  be  considered,  because  of  the  rapid  decomposition 

of  the  complex  ion,  CoCNOj), .    The  latter  is  very  unstable  in  dilute 

solutions  and  its  rate  of  decomposition  increases  rapidly  with  increasing 
temperatm-e.  For  example,  at  15®  we  may  detect  one-half  part  of  potas- 
sium per  million.  At  a  temperature  of  30®,  however,  the  limit  of  sensi- 
tiveness is  five  parts  per  million,  while  above  40**  no  precipitate  is  obtained 
with  ten  parts,  a  single  drop  of  reagent  being  used  in  each  case. 

The  results  of  a  series  of  experiments  of  this  kind  have  been  plotted, 
usmg  the  temperattu-e  as  ordinate  and  the  concentration  of  potassium 
as  abscissa.  The  ctu^e  obtained  represents  graphically  the  effect  of 
increasing  temperatttfe  upon  the  delicacy  of  the  test.  The  points  on  the 
curve  represent  the  temperattu'es  at  which  a  known  amount  of  potassium 
will  just  fail  to  produce  a  precipitate,  the  concentration  of  silver  nitrate 
being  o.oi  N.  With  the  use  of  this  curve  we  may  make  an  approximate 
analysis  of  a  solution  containing  potassitun,  by  observing  the  tempera- 
ture at  which  a  temporary  precipitate  is  formed.     Only  a  few  drops  of 
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*  Although  Bowser's  modification  is  delicate  enough  to  detect  two  parts  of  potas- 
situn per  million,  it  possesses  a  distinct  disadvantage  in  that  no  definit  precipitate, 
but  only  a  temporary  turbidity,  is  formed  in  such  dilute  solutions. 
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reagent  are  added  in  order  to  avoid  an  excessive  amount  of  sodium  nitrite 
whose  presence  will  interfere  with  the  delicacy  of  the  test.  The  explana- 
tion for  this  is  given  above. 

The  only  substances  interfering  with  this  qualitative  reaction  for 
potassium  are  those  that  also  interfere  with  the  usual  test  in  which  the 
tripotassium  salt  is  formed.  Ammonia  should  be  absent  because  it  forms 
not  only  a  triammonium  salt^  but  also  a  less  soluble  salt  containing  silver. 
Rubidium,  cesium,  thallium,  lead,  and  mercurous  salts  also  interfere, 
as  will  be  shown  below.  Barium  forms  sparingly  soluble  cobaltinitrites 
but  the  other  alkaline  earth  metals  do  not.  In  concentrations  below 
o.i  N,  barium  will  not  interfere  tmder  the  usual  conditions. 

In  the  dilute  solutions  used,  soditmi  salts  will  not  appreciably  affect 
the  delicacy  of  the  test.  When  only  a  trace  of  potassium  occurs  in  the 
presence  of  a  tenth  normal  solution  of  sodium,  the  precipitate  forms 
more  slowly  than  usual,  and  it  may  be  necessary  to  add  a  larger  volume 
of  reagent  in  order  to  sectu-e  complete  precipitation.  An  increase  in  the 
amount  of  silver  increases  the  delicacy  of  the  test.  Thus,  any  effect 
which  is  due  to  sodium  may  be  counteracted  by  increasing  the  concen- 
tration of  the  silver.  It  is  only  when  dealing  with  very  dilute  solutions 
of  potassium,  i.  e.,  ten  parts  per  million  or  less,  that  the  effect  of  the  sodium 
or  of  the  silver  ion  need  be  considered. 

In  general,  an  excess  of  peagent  increases  the  sensitiveness  of  the  test 
provided  that  there  has  been  no  decomposition  of  the  cobaltinitrite. 
This  decomposition  takes  place  in  accordance  with  the  following  reactions, 
resulting  in  the  increase  in  the  concentration  of  nitrite  ion. 

co(NOa)r""  :^  Co+++  +  6N0r 

Co+++  +  NO3-  :^  Co++  +  NO3  (gas) 

The  effect  of  the  presence  of  a  soluble  nitrite,  such  as  sodium  nitrite, 
is  to  prevent  the  complete  precipitation  of  the  potassium.  This  is  ex- 
plained by  the  formation  of  the  complex  ion,  Ag(NO^^f  with  a  consequent 
decrease  in  the  concentration  of  silver  ion.  We  have  fotmd  that  a  certain 
definit  concentration  of  the  latter  must  be  present  in  order  to  precipitate 
the  silver-potassium  salt  from  a  solution  containing  a  given  concentra- 
tion of  potassium.  Since  the  addition  of  a  nitrite  removes  silver  ion 
from  solution,  we  can,  by  adding  a  sufficiently  large  amount  of  the  former, 
decrease  the  concentration  of  the  latter  to  such  an  extent  that  the  silver- 
potassium  salt  will  fail  to  be  precipitated. 

The  following  experiment  will  illustrate  this  point:  When  a  drop 
of  reagent  is  added  to  a  0.0 1  A^  solution  of  silver  nitrate  containing  ten 
parts  of  potassium  per  million,  an  immediate  precipitate  is  formed.  If, 
however,  the  experiment  is  repeated  in  the  presence  oi  sl  0,1  N  solution 

*  Erdmann,  /.  prakt,  Chem.,  97,  404  (1866).  Rosenheim  and  Koppel,  Z.  anorg, 
Chem.,  17,  35  (1898). 
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of  soditim  nitrite  no  immediate  precipitate  is  obtained  tmder  the  same 
conditions,  t.  e.,  we  have  decreased  the  concentration  of  the  silver  ion 
to  such  a  small  value  that  not  enough  is  present  to  produce  a  precipitate. 
If  a  larger  amount  of  potassium  is  present,  or  if  an  increased  volume 
of  reagent  is  added,  a  precipitate  will  be  obtained.  This  is  exactly  what 
the  law  of  mass  action  would  lead  us  to  expect. 

Another  inte^-esting  point  may  be  brought  out  here.  The  silver- 
cesium  salt  mentioned  below  is  less  soluble  than  the  corresponding  potas- 
sium salt.  We  would,  therefore,  expect  it  to  be  precipitated  by  a  smaller 
concentration  of  silver  ion  than  is  needed  to  precipitate  the  potassium 
salt.  This  was  actually  found  to  be  the  case,  t.  e.,  when  enough  sodium 
nitrite  was  added  to  prevent  the  precipitation  of  the  potassium  salt, 
an  equivalent  amount  of  cesium,  rubidium  or  thallium  was  still  pre- 
cipitated because  of  the  smaller  concentration  of  silver  ion  necessary. 

It  may  be  suggested  that  the  silver-x)otassium  cobaltinitrites  could 
be  used  as  a  delicate  qualitative  test  for  cobalt.  They  do  not,  however, 
offer  any  distinct  advantage.  The  usual  reaction,  t.  e.,  the  formation 
of  JL^Qoi^O^^,  is  very  sensitive,  due  to  the  large  concentration  of  potas- 
sium salts  which  decreases  the  solubility  of  the  precipitate. 

B,  Other  Insoluble  Salts  in  this  Series. 

The  fact  that  potassium  forms  extremely  insoluble  cobaltinitrites 
led  us  to  believe  that  other  alkali  metals  would  form  similar  silver  salts. 
Considering  the  series  Li,  Na,  K,  Rb  and  Cs,  in  which  the  elements  are 
arranged  in  the  order  of  increasing  atomic  weights,  we  find  that  the  lith- 
ium and  sodium  salts  are  very  soluble  while  the  potassium  salts  are  rather 
insoluble.  We  would,  therefore,  expect  the  rubidium  and  cesium  cobalti- 
nitrites to  be  even  less  soluble,  and  Rosenbladt^  has  shown  that  this  is 
the  case.  The  following  table  shows  the  concentrations  at  which  no 
precipitate  was  obtained  when  one  drop  of  reagent  was  used.  The  re- 
sults are,  of  course,  only  comparative,  the  test  being  more  delicate  when 
a  larger  volume  of  reagent  is  used. 

Tablb  II. 

Concentration  neceisary  for  precipitation. 
K  100  to  150  parts  per  tnillion 

Rb  70  to    80  parts  per  million 

Cs  70  to    80  parts  per  million 

Tl  30  to    50  parts  per  million 

Rubiditun,  cesium  and  thallium  also  form  insoluble  silver  salts.  Solu- 
tions of  their  salts  so  dilute  that  the  reagent  itself  gives  no  precipitate 
readily  form  the  characteristic  insoluble  yellow  silver  cobaltinitrites 
when  in  the  presence  of  o.oi  N  silver  nitrate.  They  are  all  less  soluble 
than  the  corresponding  silver-potassium  salts,  and  like  the  latter  may 

*  Ber.,  19,  2531  (1886}. 
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readily  be  precipitated  from  solutions  containing  less  than  one  part 
per  million  (temp.  15°  C). 

Ammonitmi  salts  also  form  an  insoluble  silver-ammonium  cobalti- 
nitrite.  The  latter  may  be  precipitated  from  solutions  containing  less 
than  five  parts  of  ammonia  per  million.  This  would  serve  as  a  delicate 
qualitative  test  for  ammonia  in  the  absence  of  potassium. 

Silver,  lead,  and  mercurous  mercury  all  form  cobaltinitrites.  Of 
these  the  silver  salt,  Ag8Co(N02)fl,*  and  the  lead  salt,  Pb8[Co(NO,)e]„* 
have  been  described  in  the  literatiu-e,  but  we  have  not  been  able  to  find 
any  reference  to  their  double  salts  with  the  alkali  metals.  The  mer- 
curous  cobaltinitrite,  probably  Hg8Co(NOj)e,  has  not,  as  far  as  we  know, 
been  described.  It  appears  to  be  the  least  soluble  of  all  the  simple  salts 
of  the  cobaltinitrite  series. 

Some  of  the  double  salts  in  the  lead  series  are  the  lead-ammonium, 
the  lead-potassium,  the  lead-rubidium,  the  lead-cesium  and  the  lead- 
thallium  salts.  All  of  them  are  more  soluble  than  the  corresponding 
silver  derivatives,  but  are  less  soluble  than  are  the  simple  cobaltinitrites. 
It  may  be  interesting  to  note  here  that  we  have  also  prepared  a  lead- 
silver  cobaltinitrite,  which  apparently  stands  intermediate  between  the 
lead  and  the  silver  series.  It  is  less  soluble  than  either  the  silver  or  the 
lead  salt. 

Rosenheim  and  Koppel*  have  prepared  the  baritmi  salt,  Ba8[Co(N02)«],. 
We  have  fotmd  that  barium  also  forms  a  barium-silver  salt.  It  is  less 
soluble  than  the  simple  barium  salt  and  may  be  precipitated  from  a  tenth 
normal  solution  of  barium  provided  the  concentration  of  silver  is  moire 
than  o.oi  N.  It  decomposes  more  readily  than  any  of  the  other  cobalti- 
nitrites studied. 

The  barium  and  lead  salts  mentioned  above  are  very  sensitive  to  the 
conditions  of  the  precipitation,  and  their  study  may  be  of  importance 
from  this  standpoint.     They  are  crystallin  in  nattu-e. 

Qmningham  and  Perkin*  have  described  certain  cobaltinitrites  con- 
taining organic  radicles,  such  as  the  anilinocobaltinitrite,  (C^H^NH,),- 
Co(NO,)e.     We  have  found  the  corresponding  silver  salts  to  be  less  soluble. 

Summary. 

1.  New  silver-potassium  cobaltinitrites  are  described. 

2.  They  are  recomimended  as  a  delicate  qualitative  reaction  for  potas* 
slum.  Directions  for  applying  the  test,  its  delicacy,  and  all  interferences 
have  been  given  in  detail. 

3.  The  corresponding  silver  salts  with  ammonium,  rubidium,  cesium, 

1  Cunniagbain  and  Perkin,  loc.  cit. 
'  Rosenheim  and  Koppel,  loc,  cU, 
*  Loc.  cii. 
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thallium  and  le^  are  mentioned,  and  the  possible  use  of  some  of  them 
in  analytical  work,  indicated. 

4.  A  corresponding  series  of  double  salts  with  lead  and  the  alkali  metals 
has  been  prepared. 

In  conclusion  we  wish  to  state, that  we  are  continuing  the  study  of 
cobaltinitrites  and  their  application  to  anal3rtical  work — particularly 
the  application  of  the  silver-potassium  cobaltinitrites  to  the  quantitative 
determination  of  potassium. 


A  COLORIMETBR  FOR  RAPID  WORK  WITH  WIDELY  VARTIKO 

STANDARDS. 

By  CbABUM  H.  WlDTB. 

The  intensity  of  the  color  of  a  solution  depends  upon  three  elements, 
or  factors.  They  are  the  quantity  of  coloring  matter  used,  the  volume 
of  the  solvent  in  which  it  is  held,  and  the  thickue.ss  of  t^e  solution  through 
which  the  light  passes  before  entering  the  eye.  It  is  well  known  that  if 
we  keep  two  of  these  quantities  constant  and  vary  the  third  in  a  determi- 
nate way  imtil  two  solutions  are  alike  in  color,  we  can  estimate  the 
quantity  of  coloring  matter  in  one,  if  the  quantity  in  the  other  is  known. 
These  three  variables  form  the  basis  of  the  three  classes  of  methods  in 
colorimetry,  and  of  the  three  types  of  colorimeters.  When  two  solutions 
are  brought  to  agreement  in  color  by  the  addition  of  coloring  matter  to 
one,  the  amount  added  is  the  measure  of  that  in  the  other.  If  the  agree- 
ment is  effected  by  dilution,  the  coloring  matter  is  then  proportional 
to  the  volumes.  If  they  are  brought  to  equality  by  changing  the  thiVlmf^og 
of  the  sections  observed,  the  quantity  of  coloring  matter  is  then  inversely 
proportional  to  the  measurements  of  these  sections. 

This  instnunent  is  a  modification  of  a  colorimeter  devised  by  the  writer 
for  the  determination  of  carbon  in  steel.  ^  With  it  comparisons  are  made 
by  the  third  method ;  that  is,  the  thickness  of  the  section  of  solution  ex- 
amined is  the  variable.  It  consists  essentially  of  two  wedge-shaped 
hollow  glass  prisms  of  exactly  equal  dimensions  and  open  at  the  large 
end  for  the  introduction  of  the  solutions  to  be  tested.  The  wedges  are 
held  in  a  vertical  position  side  by  side  in  a  camera  and  may  be  raised  or 
lowered  by  rack  and  pinion  actuated  by  thumb  screws.  The  prisms  are 
screened  from  view  on  the  side  towards  the  operator  except  for  a  narrow 
horizontal  slit  across  the  middle  of  the  camera  through  which  the  solutions 
are  observed  when  a  test  is  being  made.  The  carriers  are  graduated  to 
correspond  to  the  length  of  the  wedges,  the  zero  of  the  scale  being  oppo- 
sit  the  index  when  the  sharp  edge  of  the  wedge  is  opposit  the  narrow  open- 
ing in  the  screen  through  which  the  color  is  observed.    The  screens  are 

^  Trans,  Am,  Insi.  Min.  Eng.,  38,  559-564. 
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adjustable  so  that  the  opening  may  be  varied  to  suit  the  operator.  The 
ground  glass  shutter  at  the  forward  end  of  the  camera  for  diffusmg  the 
light  is  hinged  in  the  manner  of  a  door  to  faciUtate  the  transfer  of  the 
wedges  to  and  from  the  camera.  The  camera  is  mounted  on  a  stand 
upon  which  it  is  free  to  turn  m  a  horizontal  plane,  which  renders  it  un- 
necessary to  lift  the  instrument  from  its  position  while  in  use. 
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To  carry  out  a  determination  with  this  instrument  it  is  only  necessary 
to  dissolve  and  dilute  to  equal  volumes  equal  quantities  of  the  standard 
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and  of  the  material  to  be  tested.  Pour  into  the  wedges  convenient  amounts 
of  the  two  solutions,  set  the  wedge  containing  the  tmknown  at  the  grad- 
uation representing  the  percentage — or  some  multiple  of  it — of  the  color- 
ing matter  in  the  standard.  Adjust  the  wedge  containing  the  standard 
until  the  two  agree  in  color.  The  percentage  of  coloring  matter  in  the 
unknown  is  then  indicated  by  the  reading  of  the  scale  on  the  carrier 
containing  the  standard.  Vertical  sections  through  the  two  solutions 
parallel  with  the  line  of  sight  are  similar  triangles,  the  base  of  each  being 
the  thickness  of  solution  at  the  point  compared.  It  foUows  then  that 
the  readings  on  the  graduated  scales,  since  they  represent  the  altitudes 
of  these  triangles,  are  measures  which  express  the  ratio  eidsting  between 
the  amotmts  of  coloring  matter  in  the  two  solutions. 

A  colorimeter  for  general  use,  especially  where  a  great  many  determina- 
tions have  to  be  made  in  the  shortest  possible  time,  should  be  designed 
with  not  only  the  theoretical  perfection  of  the  instrument  itself  in  mind, 
but  also  with  regard  to  the  effect  of  its  use  upon  the  operator.  The  opera- 
tion of  the  instrument  must  not  unduly  fatigue  the  eye,  for  the  most 
skilled  operator  with  the  best  apparatus  cannot  produce  accurate  results 
if  his  eye  loses  its  sensitiveness  to  changes  of  color.  It  has  been  learned 
by  experience  that  the  eye  is  little  fatigued  and  therefore  retains  its 
sensitiveness  if  the  apparatus  is  so  constructed  that  both  eyes  are  used 
in  making  the  tests,  also  that  the  eyes  should  be  protected  by  a  camera 
from  side  lights,  that  the  colored  areas  compared  should  not  be  too  far  apart 
— though  it  is  unnecessary  to  have  them  separated  only  by  an  invisible 
line — and  that  uniform  white  light  should  be  visible  around  the  colored 
spots  compared.  My  experience  has  indicated  that  the  eye  is  not 
rendered  sensitive  to  color  by  darkness,  but  that  it  is  rendered  so  by 
light,  and  I  have  obtained  better  results  by  looking  directly  at  the  solu- 
tions than  by  bringing  the  colors  into  juxtaposition  by  the  use  of  any 
optical  device  that  I  have  tried  so  far. 

As  a  result  of  experience,  the  original  design  of  this  instrument  has 
been  modified  to  conform  to  these  ideas.  In  its  present  form  the  instru- 
ment has  been  tested,  chiefly  in  the  determination  of  carbon  in  steel, 
and  these  tests  indicate  that  it  has  several  features  to  recommend  it. 
The  accuracy  of  the  work  done  with  it  appears  to  be  limited  only  by  the 
sensitivity  of  the  eye  to  color  changes.  The  maximum  error,  as  far  as 
tests  have  been  made,  has  been  0.6%  in  a  single  reading,  and  this 
was  considerably  reduced  by  averaging  several  readings.  The 
majority  of  the  determinations  of  carbon  have  agreed  with  the  percentages 
obtained  by  combustion  to  the  second  decimal  place.  The  comparisons 
are  made  with  great  rapidity.  After  the  material  is  in  solution  the  test 
can  be  completed  within  half  a  minute,  and  any  mmiber  of  readings  may 
be  taken  and  the  results  averaged  without  changing  the  volume  of  the 
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solutions.  The  operator  can  not  see  the  graduated  scales  while  making 
the  comparison  and,  therefore,  can  not  be  influenced  by  preconceived 
ideas.  The  work  may  be  checked  by  making  tests  at  different  points 
throughout  the  length  of  the  wedges,  especially  in  cases  where  the  color 
is  too  dense  or  too  faint  for  the  most  accurate  comparison  at  the  first 
point  tested. 

The  wedges  are  as  easily  emptied  and  filled  as  test  tubes  so  that  passing 
from  <me  determination  to  the  next  is  quickly  and  easily  effected.  If 
great  rapidity  is  desired  more  than  one  set  of  wedges  can  be  used.  While 
one  operator  makes  the  comparisons,  others  can  be  preparing  the  de- 
terminations which  are  to  follow.  The  possibility  of  using  any  section 
of  the  wedge  from  its  thinnest  to  its  thickest  part  renders  the  apparatus 
adaptable  to  a  wide  range  of  determinations,  and  permits  of  much  varia- 
tion in  the  quantity  of  substance  taken  for  the  test. 

The  colorimeter  is  sold  by  Eimer  and  Amend  of  New  York  City. 

If^XfiMB  UmVBKnTT.  ClMBUIMlB,  itAMt. 


FOTES. 

A  Modification  of  a  Previously  Described  Experiment  on  Oie  Migra- 
tion of  Ions. — A  lecture  experiment  illustrating  the  rates  of  migration  of 
different  ions  was  described  some  years  ago  by  Noyes  and  Blanchard.* 
Unless  this  experiment  is  very  carefully  perfonned,  it  sometimes  happens 
that  the  demonstration  of  the  direction  and  relative  speed  of  migration 
of  the  copper,  hydrogen  and  hydroxyl  ions  is  rendered  inconclusive  by  the 


uneven  front  presented  by  the  line  of  march.  There  frequently  happens 
an  irregular  diffusion  downward  into  spaces  between  the  agar-agar  and 
the  walls  of  the  U  tube. 

'  This  Joukhal,  ai,  736  {1900). 
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This  may  be  prevented  aod  the  experimeat  more  simply  and  success- 
fully performed  in  the  following  manner:  Add  one  part  of  agar-agar 
to  about  five  parts  of  boiling  water,  and  after  solution  add  potassium 
chloride,  phenolphthalein  and  sufficient  potassitmi  hydroxide  to  color  the 
solution  pink.  Completely  fill  a  U  tube  with  the  mixture  and  by  means 
of  a  pipet  containing  dilute  hydrochloric  acid  passed  to  the  bottom  of  one 
limb,  discharge  the  pink  color  by  allowing  a  small  amount  of  the  acid  to 
escape  and  by  stirring  the  mixture  with  the  pipet  as  it  is  withdrawn. 
After  congealment  insert  the  pink  limb  of  the  inverted  tube  into  a  small 
bottle  containing  a  solution  of  copper  chloride  and  dilute  hydrochloric 
add,  and  the  other  limb  into  a  bottle  containing  a  solution  of  potassium 
chloride  and  potassium  hydroxide,  slightly  inclining  the  tube,  if  neces- 
sary, to  allow  any  entrapped  air  bubbles  to  escape. 

Upon  the  application  of  the  current  in  the  usual  way  the  migration  pro* 
ceeds  in  an  orderly  manner,  and  no  skirmishers  are  sent  on  ahead.  The 
process  may  proceed  for  days,  if  desired,  and  no  cooling  is  necessary. 

B.  E.  Chandi^r. 

OOCIDBNTAL  COLUMB. 
LXW  ANOBLB8.  CAL. 


A  Possible  Explanation  of  Some  Phenomena  of  Ionization  by  the  Electron 
Theory. — Many  chemists  must  have  noticed  the  curious  fact  that  ammo- 
nium hydroxide,  H-O-NH^,  and  nitric  acid,  H-Q-NO,,  ionize,  the  first 
with  the  formation  of  hydroxide  and  the  second  with  the  formation  of 
hydrogen  ions,  although  in  both  cases  a  hydroxyl  group  is  supposed  to 
be  combined  directly  with  a  nitrogen  atom.  The  statement  has,  of 
course,  been  made  that  this  is  because  the  ammonium,  NH4,  group  is 
positive  and  the  nitro,  NOj,  group  negative  but  these  terms,  "positive" 
and  "negative,"  have  been  used  in  a  very  vague  way,  and  with  almost 
no  thought  of  any  genuin  electrical  properties.  A  possible  explanation 
becomes  apparent  if  we  write  the  two  formulas  as  follows,  in  accordance 
with  the  electron  theory: 

H— O N<"T  H— O N  r 

In  ammonitun  hydroxide  the  nitrogen  atom  with  its  three  extra  electrons 
(it  has  gained  four  from  the  hydrogen  atoms  but  has  lost  one  to  the  oxygien 
atom)  attracts  the  negative  oxygen  of  the  hydroxyl  only  feebly,  hence, 
the  group  may  easily  separate  by  ionization.  In  nitric  acid,  on  the  other 
hand,  the  nitrogen  atom  has  lost  five  electrons,  becoming  strongly  positive. 
It  holds  the  negative  oxygen  atom  very  strongly,  therefore,  but  repels 
the  positive  hydrogen,  causing  this  to  ionize  easily. 

For    the    compounds    Na"*" — O"" — H"*"   and    H+ — CI",    the   properties 
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are  evidently  connected  with  the  fact  that  the  sodium  atom  readily 
loses  an  electron  but  can  not,  apparently,  take  one  from  another  atom. 
This  may  be  because  the  positive  part  of  the  atom  is  so  deep  in  its  structure 
that  it  exerts  little  attraction  for  the  electron  and  little,  also,  for  the  nega- 
tive oxygen.  The  ease  with  which  metals  give  up  electrons  seems  to  be 
closely  connected  with  their  properties  as  electrical  conductors,  though 
I  am  not  aware  that  this  connection  has  been  pointed  out  before.  It 
may  also  be  connected  with  the  character  of  the  spectra  of  metals,  the 
electron  of  the  sodium  atom  being  possibly  in  orbital  motion  around  it, 
as  Lorenz  and  others  have  supposed. 

In  hydrochloric  acid  the  electron  gained  by  the  chlorine  atom  may 
perhaps  penetrate  the  atom  so  deeply  as  to  exert  but  little  attraction 
for  the  hydrogen.  But  it  is  to  be  remembered  also  that  while  the  chlorine 
atom  may  take  up  one  electron  it  may  give  up  seven  electrons  to  other 
atoms,  especially  to  oxygen. 

The  speculative  character  of  the  suggestions  here  given,  is,  of  course, 
clearly  recognized.  It  seems  possible,  however,  that  we  may  sometime 
know  the  structiu'e  of  atoms  as  we  now  know  the  structure  of  molecules, 
and  it  is,  perhaps,  worth  while  to  indicate  some  of  the  lines  along  which 
it  may  be  possible  to  attach  problems  of  this  sort.  W.  A.  Noybs. 

Urbana.  III. 


[Contribution  prom  the  Department  of  Chemistry,  University  of  Cincinnati.] 

A  CRITICAL  SURVEY  OF  SOME  RECENT  APPLICATIONS  OF  THE 

ELECTRON  CONCEPTION  OF  VALENCE. 

By  Harry  Shipley  Pry. 
Receired  January  2.  1912. 

The  purpose  of  this  paper  is  to  present  some  applications  of  the  electron 
conception  of  valence  and  to  discuss  their  bearing  upon  the  assumptions 
postulated  by  K.  George  Palk^  in  his  article  on  the  electronic  structure 
and  ionization  constants  of  the  organic  acids. 

Falk  states  that  the  organic  acids  may  be  divided  into  four  classes 
in  which  the  ionization  constants  (K  X  lo*)  depend  primarily  u{)on  the 
additive  effects  of  the  directive  valences  of  the  a-carbon  atom.  The 
principles  upon  which  the  direction  of  valences  are  assumed  to  depend 
are  based  upon  the  corpuscular-atomic  hypothesis  of  Sir  J.  J.  Thompson 
according  to  which  the  linkages  or  bonds  between  the  atoms  in  a  molecule 
are  formed  by  the  transfer  of  corpuscles  or  electrons. 

Under  the  sub-title  of  '* Theoretical  Considerations"  Falk  records  the 
following  statements: 

(A)  "The  principles  upon  which  the  directions  of  valence  are  assumed  to  depend 
were  explained  in  the  first  paper.     (This  Journal,  33,  1637-54.)     It  may  suffice  to 

*  This  Journal,  33,  1140  (1911).     "The  Electron  Conception  of  Valence."     II. 
"The  Organic  Adds." 
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state  here  that  for  a  single  bond  the  corpuscle  for  the  Carbon-hydrogen  union  is  assumed 
to  pass  from  the  hydrogen  to  the  carbon,  the  former  becoming  positively  charged, 
the  latter  negatively,  while  for  the  carbon-chlorine  union,  the  corpuscle  passes  from 
the  carbon  to  the  chlorine." 

(6)  "The  arrangement  of  the  elements  in  the  periodic  system  serves  in  general 
to  indicate  the  electrical  relations  of  the  elements  to  each  other  in  the  production  of  a 
bond." 

(C)  "A  classification  of  the  adds  will  be  given  here  which  depends  upon  the  direc- 
tion of  the  valences  by  which  the  a-carbon  atom  is  combined^ with  the  other  atoms 
in  the  molecule.  This  divides  the  adds  into  four  classes  which  may  be  formulated  as 
follows: 

I.  ^^  C.COJH;  II.  ^^  C.COJH;  III.  <^  C.CO^;  IV.  ^^  CCOJSi. 

"The  adds  belonging  to  class  I  are  those  in  which  three  electropositive  groups 
are  combined  with  the  a-carbon  atom;  those  belonging  to  class  II,  two  electropositive 
and  one  electronegative;  to  class  III,  one  electropositive  and  two  dectronegative. 
The  ionization  constants  are  fotmd  to  increase  in  the  order  of  the  classes  I,  II,  III,  IV. 
The  adds  represented  by  formula  IV,  such  as  trichloracetic  add,  are  too  highly  ionized 
to  give  satisfactory  dissociation  constants,  and  will  not  be  considered  here." 

Statements  (A)  and  (B)  constitute  the  principles  by  which  Falk  deter- 
mines the  direction  of  a  bond  in  the  structural  formulas  of  the  compounds 
under  consideration.  An  arrow  (H  — ►►  CI)  serves  as  the  symbol  both 
for  the  bond  of  tmion  and  for  the  direction  of  the  transfer  of  the  corpuscle 
(electron  or  negative  charge),  from  one  atom  to  another.  Accordingly, 
one  end  of  a  bond  corresponds  to  a  positive,  while  the  other  end  corre- 
sponds to  a  negative  charge.  Therefore,  it  is  preferable  in  the  following 
discussion  to  indicate  the  polarity  of  each  end  of  a  bond  by  employing 

formulas  of  the  type,  H Q. 

Falk  assumes  (in  statement  A)  that  for  a  single  bond  the  corpuscle 
for  the  carbon-hydrogen  union  passes  from  the  hydrogen  to  the  carbon, 
while  for  the  carbon-chlorine  tmion  the  corpuscle  passes  from  the  carbon 
to  the  chlorine.  In  other  words,  the  hydrogen  atom  functions  positively 
while  the  chlorine  atom  functions  negatively  in  the  formulas  of  the 
organic  acids  which  he  discusses.  In  his  first  paper*  Falk  has  shown  that 
from  the  standpoint  of  the  electronic  conception  of  valence,  a  given  atom 
such  as  chlorine  may  function  either  positively  or  negatively,  for  Sir  J.  J. 
Thompson  states'  that  atoms  of  one  and  the  same  kind  may  become  either 
positively  or  negatively  electrified  by  the  loss  or  gain  of  corpuscles 
respectively,  "and  those  with  charges  of  opposite  sign  would  combine 
to  form  a  diatomic  molecule."  Accordingly  molecular  hydrogen  (H,) 
and    molecular   chlorine    (Qj)    may    be  represented   by  the  electronic 

formulas,  H ^H  and  CI Q,  respectively.     These  formulas  were  sug- 

*This  Journal,  32,  1637-54. 

•  "Electricity,  and  Matter."     {Scribner*s,  1907),  p.  139. 
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gested  at  an  earlier  date  by  W.  A.  Noyes/  in  the  following  statement: 
'*If  we  suppose,  what  seems  not  to  be  improbable,  that  all  reactions  in- 
volving the  decomposition  of  molecules  are  preceded  by  an  ionization  of 
the  parts  of  molecules,  it  would  follow  that  elementary  molecules  as  well 
may  ionize  into  positive  and  negative  parts."  In  the  present  paper  ex- 
perimental data  will  be  presented,  the  object  of  which  is  to  show  that  in 
some  carbon-chlorine  unions  the  corpuscle  passes  from  the  chlorine  to  the 
carbon.  In  other  words,  the  chlorine  atom  may  function  positively.  A 
hydrogen  atom  may  also  function  negatively. 

Molecular    chlorine,    as    indicated    above,    possesses    the  formula 
—  -f 

Cl CI.     Water,  electrolytically  dissociated,  yields  positive  hydrogen 

+  —     —  + 
ions;  hence  the  electronic  formula,  H O H.    The  interaction  of 

chlorine  and  water  according  to  the  equation,  CI,  H-  HOH  "^"^  HCl  -f 

HOCl,  must  be  represented  electronically  as  follows: 

Clj  -  cf-^1          :^  CI-  +         C1+ 
H,0  -  H^^— ^^^H  :j±:  H+  + <K^H 

U- — CI     H^^^ — O ^Cl  5±:  H+  +  CIC^. 

Therefore  in  the  oxygen-chlorine  union  the  corpuscle  passes  from  the 
chlorine  atom  to  the  oxygen  atom,  or  in  other  words  the  chlorine  atom  in 
hypochlorous  acid  functions  positively.  Is  there  any  evidence  that 
chlorine  may  function  positively  when  in  combination  with  carbon? 

In  an  earlier  paper^  I  extended  the  electronic  conception  of  positive 
and  negative  valences  to  the  atoms  constituting  the  benzene  molecule. 
In  every  possible  symmetrically  constituted  electronic  formula  for  benzene 
it  was  shown  that  the  hydrogen  atoms  in  positions,  i,  3,  and  5  function 
.  negatively  while  those  in  positions  2,  4,  and  6  function  positively.  Omit- 
ting centric  linkages  and  double  bonds,  the  abbreviated  electronic  formula 
of  benzene  is  represented  in  the  following  figure: 

H 


->V'"^ 


H 


H 


\ 


H 


*This  Journal,  23,  460  (1901). 

•  Fry,  Z.  physik.  Chem,^  76,  385  (191 1);  This  Journal,  Ptoceed.f  30,  34  (1908), 
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This  formula  presents  a  structural  basis  for  the  similarity  in  behavior 
of  the  ortho  and  para  positions  in  contra-distinction  to  the  meta  posi- 
tions. If  a  given  hydrogen  atom  or  substituent  is  negative,  then  the 
hydrogen  atoms  or  substituents  ortho  and  para  to  it  are  positive  while 
those  meta  to  it  are  each  negative;  and  vice  versa.  This  formula  rendered 
possible  an  explanation  of  the  Crum  Brown  and  Gibson  Rule*  for  the 
formation  of  disubstitution  derivatives  of  benzene  and  various  rearrange- 
ment reactions. 

Let  it  now  be  observed  in  the  electronic  formula  of  benzene  that  in  the 
carbon-hydrogen  unions  of  positions  1,3,  and  5,  the  corpuscle  passes  from 
the  carbon  to  the  hydrogen;  in  positions  2,  4,  and  6,  the  corpuscle  passes 
from  the  hydrogen  to  the  carbon.  Accordingly,  chlorine  atoms  occupying 
positions  2,  4,  and  6  must  function  positively.  Some  of  the  experi- 
mental facts,  which  show  that  chlorine  atoms  in  positions  2,  4,  and  6 
are  positive,  are  as  follows : 

Chattaway  and  Orton,*  in  a  study  of  the  characteristic  rearrangements 
of  the  substituted  nitrogen  halides,  show  that  acetanilide,  on  treatment 
with  hypochlorous  acid,  yields  phenyl  acetyl  nitrogen  chloride,  which 
is  readily  transformed  into  ^-chloroacetanilide.  Treatment  of  this 
latter  compound  with  h3rpochlorous  acid  gives  ^-chlorophenyl  acetyl 
nitrogen  chloride,  which  is  transformed  into  2,4-dichloroacetanilide. 
Proceeding  thus  the  final  product  is  2,4,6-trichlorophenyl  acetyl  nitrogen 
chloride,  which  will  not  undergo  rearrangement.  These  successive  changes 
are  represented  in  the  following  formulas :  (R  =  formyl,  acetyl,  or  benzoyl ; 
X  =  CI,  or  Br). 


RNH         RNX 
/\   HOX 


RNH         RNX 
HOX   /Nx 


RNH         RNX 

HOX 


X 


RNH        RNX 

x/\x  HOX  x/Nx 


X 


Why  does  the  halogen  atom  which  wanders  from  the  nitrogen  in- 
variably assume  a  position  in  the  nucleus  para  or  ortho  to  the  amino 
group,  provided  these  positions  are  unoccupied?  Aniline  is  a  derivative 
of  ammonia.  Each  hydrogen  atom  of  ammonia  is  equivalent  and  functions 
positively;  hence  the  electronic  formula, 

*  /.  Chem,  Soc.,  61,  366  (1892). 

*  Ibid.,  75,  1046.  Ber.,  3a,  3572. 
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+  I 

H 

The  radicle  — NH,  is  therefore  negative  and  accordingly  must  occupy  the 
position  of  a  negative  hydrogen  atom  of  the  benzene  nucleus.  The 
electronic  formula  of  aniline  and  its  interaction  with  hypochlorous  acid 

(H O CI)  are  indicated  in  the  following  equation: 

+  —     —  4-  +—    —    +  +—     —   -f  + + 

H N H  +  H O CI     — ►     H N CI  -f  H O H. 

\c/  \c/  \c/^\c/ 


,1  L 


^  /^\c/^\  _  ^  /  \c/ 


+  I  + 

H  H 

Therefore  in  the  process  of  transformation  of  phenyl  acyl  nitrogen 
halide  into  its  less  labile  isomeride,  it  is  self-evident  that  the  halogen 
atom  which  functions  positively  can  only  exchange  positions  with  a 
positive  hydrogen  atom  of  the  nucleus ;  that  is,  in  passing  from  the  nitrogen 
to  the  nucleus  it  must  enter  either  the  para  or  ortho  positions  with  respect 
to  the  attachment  of  the  NH2-,  or  RNH-  radicle,  which  functions  nega- 
tively. When  the  para  and  both  ortho  positions  are  occupied,  as  in 
2,4,6-trichloroacyl  nitrogen  chloride,  rearrangement  is  both  actually 
and  theoretically  impossible.  This  constitutes  a  proof  of  the  identity 
of  polarity  of  the  positions  2,  4,  and  6,  of  the  benzene  nucleus,  each  of 
which  is  occupied  by  a  positive  chlorine  atom  in  the  compounds  noted 
above. 

Further  evidence  for  the  existence  of  halogen  atoms,  which  function 
positively  as  well  as  negatively,  is  given  in  a  previous  paper.* 
In  this  connection  Falk's  second  assumption  (statement  B),  that  "the 
arrangement  of  the  elements  in  the  periodic  system  serves  in  general 
to  indicate  the  electrical  relations  of  the  elements  to  each  other  in  the 
production  of  a  bond,"  is  subject  to  discussion.  According  to  the  corpus- 
cular-atomic hypothesis  a  given  atom  may  function  either  positively 
or  negatively.  This  is  actually  the  case  with  chlorine  in  the  compounds 
previously  discussed.  How  then,  for  instance,  does  the  position  of  chlorine 
in  the  periodic  system  determin  whether  it  is  to  function  positively  or 
negatively?  Furthermore,  it  has  been  demonstrated  that  if  the  valence 
of  an  element  is  (n),  it  may  function,  from  the  standpoint  of  the  electron 

*  Fry,  Z,  physik.  Cheni.,  76,  393  (191 1). 
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conception  of  valence,  in  (n  +  i)  different  ways.  For  example,  consider 
the  valences  of  the  carbon  atom^  in  the  electronic  formulas  of  methane, 
methyl  alcohol,  formaldehyde,  formic  and  carbonic  acids.  If  in  these 
compounds  the  hydrogen  atoms  function  positively  and  the  oxygen 
negatively,  then  the  following  electronic  formulas  result: 

H  H  H 


+    —  I  —     4- 

H C H 


I  +  I  -H  +1 

H  H  H 


fe 


(I)  (11)  (HI) 


-i- 


(IV)  (V) 

The  valence  (n)  of  carbon  is  4;  the  number  of  ways  in  which  the  carbon 
atom  may  function  (n  H-  i)  is  5.  The  five  types  as  derived  from  the 
above  electronic  formulas  are  respectively  as  follows: 


+ 


A. 


+ 


+ 


+  I  +  +  I  + 

(I)  (II)  (III)  (IV)  (V) 

These  types  represent  the  successive  stages  of  oxidation  in  the  transi- 
tion from  methane  to  carbonic  acid,  or  its  anhydride.  Hence  it  follows 
that  the  particular  types  of  carbon  atoms,  or  in  other  words,  the  direction 
of  the  valences  of  the  carbon  atom  in  its  compounds ,  can  not  be  determined 
by  the  position  of  carbon  in  the  periodic  system  ^  but  depends  solely  upon  the 
polarity  of  the  atoms  {or  radicles)  which  are  combined  with  the  carbon  atom. 

There  now  remains  for  consideration  statement  (C).  Falk  states 
that  *'in  considering  the  structure  of  the  organic  acids,  it  is  e\'ident 
that  the  a-carbon  atom  (the  one  combined  directly  with  the 
carboxyl  group)  influences  the  ionization  constant  of  the  acid  to  the 
greatest  extent.''  A  classification  of  the  acids  is  then  presented  ''which 
depends  upon  the  direction  of  the  valences  by  which  this  a-carbon  atom 
is  combined  with  the  other  atoms  in  the  molecule."  This  divides  the 
acids,  according  to  Falk,  "into  four  general  classes  which  may  be  formu- 
lated as  follows: 


I.  —f  C.CO,H;  II.  ^C.CO,H;  III.  ^C.CO,H;  IV.  f^  C.CO,H. 

**The  acids  represented  by  formula  IV  are  too  highly  ionized  to  give 
'  Fry,  Z.  physik,  Chem.,  76,  405  (191 1). 
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satisfactory  dissociation  constants,  and  will  not  be  considered  in  detail 
here."  Thus  Falk  virtually  reduces  the  division  of  the  organic  acids 
into  three  classes  in  which  the  ionization  constants  (K  X  10')  depend 
primarily  upon  the  additive  effects  of  the  directive  valences  of  the  a- 
carbon  atom.  Falk  then  proceeds  to  show  that  "the  class  to  which 
any  given  acid  belongs  may  readily  be  ascertained  as  the  composition 
taken  in  coimection  with  the  dissociation  constant  shows  the  structure 
of  the  a-carbon  atom."  He  then  assigns  for  each  class  of  acids  the 
corresponding  approximate  ionization  constants  as  follows: 

Class     I.  — ►  CCOjH;  (K  X  lo*)  <o.oi 
Class   II.  -^  C.COjH;  (K  X  io«)      0.10-0.40 

Class  III.  < —  CCOjH;  (K  X  lo")  >2.oo 

Falk  then  states  **that  substituents  may  exert  constitutive  eflfects 
resulting  in  constants  for  the  acids  between  the  values  given  for  the 
classes,  but  a  study  of  the  composition  should  indicate  in  most  cases  the 
class  to  which  an  acid  may  be  assigned." 

The  theoretical  objections  to  Falk's  classification  must  be  considered 
first.  Falk  has  plainly  stated  that  his  classification  "depends  upon  the 
direction  of  the  valences  by  which  the  a-carbon  atom  is  combined  with 
the  other  atoms  in  the  molecule."  In  direct  contradiction  to  this 
statement  Falk  has  not  considered  the  direction  of  the  valence 
or  bond  between  the  a-carbon  atom  and  the  carbon  atom  of  the  carboxyl 
group.  In  other  words,  he  considers  only  three  of  the  four  valences  of 
the  a-carbon  atom,  omitting  in  his  discussion  the  fourth  valence,  which 
undoubtedly  is  the  most  important  since  it  binds  the  a-carbon  atom  to  the 
carboxyl  group  and  thereby  determines  the  polarity  of  the  radicle  at- 
tached to  carboxyl.  Therefore,  in  place  of  there  being  oxily  four  classes 
of  organic  acids,  the  theory  demands  eight  which  must  be  represented 
as  follows: 


I.  ^  Ct—  CO^;  2.  ^  C.^—  CO,H;  3-  ^  C  <—  CO,H; 
C  ^^—  CO3H;  5.  ^  C  — >  COjH;  6.  ^  C  — ►  CO,H; 

7.  ^  C  — >  CO^;  8.  ^  C  — >  CO,H. 

Falk  has  assigned  approximate  values  of  the  ionization  constants  to  only 
three  classes  of  adds.  What  is  to  be  done  with  the  eight  classes  which  are 
demanded  by  this  theory? 

Experimental  facts  will  now  be  considered  which  show  that  the  direc- 
tion of  the  valence  which  binds  the  a-carbon  atom  to  the  carboxyl  group 
has  a  definit  influence  upon  the  property  of  the  compound,  or  more- 
particularly  upon  the  property  of  the  carboxyl  radicle  itself.    A  com- 
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pound  containmg  two  carboxyl  groups  should  be  chosen  for  discussion 
with  the  h3rpothetical  requirement  that  the  direction  of  the  valence 
binding  one  carboxyl  group  be  opposit  to  the  direction  of  the  valence 
binding  the  other.  Such  a  condition  would  be  fulfilled  in  benzene  deriv- 
atives containing  carboxyl  radicles  on  adjacent  carbon  atoms  of  the 
nucleus.  Since  hydrogen  atoms  so  attached  have  been  shown  to  be  of 
opposit  polarity,  it  follows  that  in  phthalic  acid  one  carboxyl  radicle 
functions  negatively  while  the  other  functions  positively,  as  indicated 

in  the  following  formula : 

H 

1: 


Is  there  any  experimental  evidence  to  justify  this  diflFerence  in  the 
attachment  of  the  carboxyl  groups  to  the  nucleus?  Baeyer^  has  shown 
that  the  A^'^^  ^*a^  and  A**^  dihydrophthalic  acids  yield  benzoic  acid  on 
oxidation.  He  attributes  this  to  a  shock  (Erschiitterung)  to  the  a- 
carbon  atom  which  causes  it  to  lose  carbon  dioxide,  this  effect  being 
associated  with  the  change  from  ethylene  to  centric  linkages,  thus: 

H  H  H 

Hjq/  '^c.cooh  hc/  ^c.cooh  hc/  [  V:.|co;|h 


^^\^^^^OOH  H.^^^ 


Cv       x^C.COOH  HC/  I  Nc. 


COOH 
C  ' 
H  H  H 


<i> 


Bruhl,*  in  a  critical  examination  of  Baeyer's  "Erschiitterung  theory," 
asks  why  only  one  molecule  instead  of  two  molecules  of  carbon  dioxide 
is  removed  from  the  acids  in  question,  and  has  sought  to  explain  the 
chemical  behavior  of  the  dihydro  acids  on  the  simple  basis  of  their  differ- 
ence of  stability,  which  view  has  the  advantage  of  being  independent 
of  any  structural  hypothesis.  But  Bruhl,  according  to  Cohen,"  "fails 
to  perceive  that  by  avoiding  any  reference  to  structure  as  affecting 
stability,  is  begging  the  question."  It  must  then  be  concluded  that  up  to 
the  present  time  there  is  no  satisfactory  structural  explanation  as  to  why 
only  one  molecule  of  carbon  dioxide  instead  of  two  is  removed  from  tlie 
several  dihydrophthalic  acids  investigated  by  Baeyer. 

'  Ann.,  369,  178  (1892). 

'  /.  prakt,  Chem.,  [2]  49,  229  (1894). 

'"Organic  Chemistry''  (Longmans,  Green  and  Co.),  2907,  p.  461. 


672  HARRY   SHIPLrEY   I^RY. 

This  anomalous  behavior  of  the  phthalic  acids  may  be  interpreted  In 
terms  of  the  electronic  conception  of  positive  and  negative  valences. 
As  previously  indicated,  one  of  the  carboxyl  groups  of  phthalic  add  is 
at  the  positive  end  of  a  bond  while  the  other  carboxyl  group  is  at  the 
negative  end  of  a  bond,  thus,  in  the  abbreviated  formula, 


/\rZJt 


COOH 


I+- 
yvC COOH. 

How  does  this  account  for  the  loss  of  only  one  molecule  of  carbon 
dioxide  instead  of  two?  If  reference  be  made  to  the  electronic  formulas 
of  formic  and  carbonic  acids,  and  carbon  dioxide  (see  page  669),  it  will  at 
once  be  observed  that  the  — CXD^H  radicle  in  formic  acid  is  negative 

(H COjH)    while    the    same    radicle    in    carbonic    acid    is    positive 

(HO COjH).     Furthermore,   in  formic  acid   three   of   the  valences 

of  the  carbon  atom  function  positively  while  the  fourth  functions  nega- 
tively. In  carbonic  acid  and  in  carbon  dioxide  each  of  the  four  valences 
of  the  carbon  atom  functions  positively.  Therefore,  it  is  structurally 
and  electronically  possible  for  carbonic  acid  to  lose  carbon  dioxide,  thus: 

+  —    —  ++ +  H- +  —  ++  — 

H O C O H     — ►     H O H    +     O— -C— O 

+  1  +  —  +    +  — 

On  the  other  hand,  the  loss  of  carbon  dioxide  from  formic  acid,  in  which 
the  — COjH  group  functions  as  a  negative  radicle,  does  not  occur  spontane- 
ously because  three  of  the  carbon  valences  are  positive  and  one  is  negative, 
whereas  each  of  the  four  valences  of  carbon  dioxide  must  be  positive. 

In  terms  of  the  electron  theory  the  gain  of  electrons  corresponds  to 
reduction;  the  loss  of  electrons,  to  oxidation.  Therefore  the  maximum 
degree  of  oxidation  is  attained  when  all  of  the  valences  of  an  element 
function  positively,  as,  for  instance,  the  carbon  atom  in  carbonic  acid  and 
carbon  dioxide.  This  maximum  state  is  not  yet  attained  in  formic  add 
wherein  three  of  the  valences  of  the  carbon  atom  are  positive  while  the 
fourth  valenqe  is  negative.  Hence  a  carboxyl  radicle  which  functions 
positively  corresponds  to  the  stage  of  oxidation  represented  by  the  carbon 
atom  both  in  carbonic  acid  and  carbon  dioxide.  It  is  therefore  capable  of 
losing  carbon  dioxide.  A  carboxyl  radicle  which  functions  negativdy  corre- 
sponds to  the  stage  of  oxidation  represented  by  the  carbon  atom  in  formic 
acid,  from  which  the  loss  of  carbon  dioxide  is  electronically  impossible. 

Since  both  a  positive  and  a  negative  carboxyl  radide  are  present  in  the 
phthalic  acids,  it  follows  that  the  carboxyl  group  functioning  positivdy 
is  the  one  which  spontaneously  loses  carbon  dioxide  in  the  reactions 
described  by  Baeyer.     This  constitutes  the  explanation  of  the  fact  that 
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one  molecule  instead  of  two  molecules  of  carbon  dioxide  is  removed  from 
the  several  phthalic  acids  noted  above,  and,  furthermore,  is  evidence 
that  the  direction  of  the  valence  which  binds  a  carboxyl  radicle  to  a 
compotmd  has  a  definit  influence  upon  the  properties  of  the  radicle 
and  the  compound,  and,  therefore,  is  not  to  be  disregarded  in  any  ap- 
plications of  the  electron  conception  of  directive  valences. 

Summary. 

(i)  From  the  standpoint  of  the  electronic  conception  of  positive  and 
negative  valences,  an  atom,  such  as  chlorine  or  a  univalent  radicle,  may 
function  either  positively  or  negatively.  Before  such  atom,  or  radicle,  is 
assumed  to  be  either  positive  or  negative  in  any  particular  compound  the 
polarity  should  be  determined  experimentally.  In  this  connection  the 
halogen  atoms  in  2,4,6-trichlorphenyl  acetyl  nitrogen  halides  and  other 
compounds,  have  been  shown  to  function  positively.  From  the  position 
of  the  halogen  atoms  in  the  periodic  system  they  would  ordinarily  be  as- 
sumed to  function  negatively. 

(2)  The  statement  that  the  arrangement  of  the  elements  in  the  periodic 
system  serves  in  general  to  indicate  the  electrical  relations  of  the  elements 
to  each  other  in  the  production  of  a  bond  is  subject  to  extension  since 
it  has  been  shown  that  an  element  whose  valence  is  (n)  may  function  in 
(n  +  i)  diflFerent  ways.  For  instance,  the  tetravalent  carbon  atom  is 
^own  to  function  according  to  five  different  types  dependiugf  upon  its 
valences  being  all  positive,  all  negative,  or  some  positive  and  others  nega- 
tive. These  five  types  are  also  shown  to  correspond  to  successive 
stages  of  oxidation  illustrated  in  the  compounds,  methane,  methyl 
alcohol,  formaldehyde,  formic  acid,  and  carbonic  acid  and  carbon 
dioxide. 

(3)  Falk's  classification  of  the  organic  acids  which  he  states 
"depends  upon  the  direction  of  the  valences  by  which  the  a-carbon 
atom  is  combined  to  the  other  atoms  in  the  molectde/^  is  incomplete  since  he 
fails  to  take  into  account  the  direction  of  the  valence  which  binds  the 
a-carbon  atom  to  the  carboxyl  group.  When  this  valence  is  considered, 
the  theory  demands  eight  classes  of  organic  acids:  Falk  postulates  only 
four  classes,  and  considers  experimental  data  for  only  three  classes. 

(4)  The  direction  of  the  valence  which  binds  the  a-carbon  atom  to  the 
carboxyl  group  is  of  prime  importance  since  it  determines  the  polarity 
of  the  radicle  attached  to  carboxyl  and  has  a  definit  influence  upon  the 
behavior  of  the  carboxyl  group  itself.  This  is  evinced  by  the  explanation 
given  for  the  fact  that  only  one  instead  of  two  molecules  of  carbon  dioxide 
is  removed  from  certain  phthalic  acids  in  the  transformations  described 
by  Baeyer. 

Further  applications  of  the  electronic  conception  of  positive  and  nega- 
tive valences  are  reserved  for  subsequent  papers.    . 
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[CONTRIBUnON^PROM  THB  CHBMICAL  LABORATORY  OF   HARVARD  COLL8GS.] 

3-ETHYLHEXAHE. 

By  Latham  CiJtmyw  and  Emilb  Raymond  Ribobl. 
Received  March  4.  1912. 

3-Ethylhexaiie,  CHsCHjCH(C^5)CHjCHjCH3,  has  been  synthesized 
and  studied  as  a  part  of  the  researches  of  one  of  us  on  the  paraffin  hydro- 
carbons.^ It  is  a  liquid  with  a  faint  odor,  boils  at  118.8-119.0°,  under 
766  mm.,  has,  at  15®,  the  specific  gravity  0.7175,  compared  to  water  at 
15*^,  and  shows  an  index  of  refraction,  N^  (25°)  =  1.3993. 

Next  to  the  normal,  this  octane  probably  has  the  highest  boiling  point 
of  any,  this  statement  being  founded  on  the  following  reasoning:  The 
boiling  point  of  2-methylheptane  is  116®,  of  3-methylheptane  11 7.6®, 
of  4-methylheptane  118°,  so  that  in  moving  a  methyl  group  from  the 
end  of  the  chain  towards  the  center,  a  steady  rise  of  boiling  point  is  ob- 
served. 

It  is  now  true  that  an  ethylhexane  will  have  a  higher  boiling  point 
than  a  methylheptane,  for  2-methylheptane,  CH3CH(CH8)CHjCH2CH2CH,, 
boils  at  116®,  while  2-ethylhexane  (regarding  3-methylheptane  for  the 
moment  as  2-ethylhexane),  CHsCH(C2H5)CH,CH,— CHaCH.,  boils  at  117.6*^. 
Just  as  the  boiling  point  of  3-methylheptane  is  higher  than  that  of  2- 
methylheptane,  so  the  boiling  point  of  3-ethylhexane  should  be  higher 
than  thai  of  2-ethylhexane,  and,  as  a  matter  of  fact,  3-ethylhexane  boils 
at  ii8.8°-ii9.o®.  Since  it  is  well  known  that  hydrocarbons  containing 
quaternary  carbon  atoms  boil  lower  than  those  containing  tertiary  car- 
bon atoms,  all  of  the  former  class  will  have  lower  boiling  points  than 
the  methylheptanes.  It  is  apparent,  therefore,  that,  next  to  nor- 
mal   octane,  3-ethylhexane  has  the  highest  boiling  point  of  any  octane. 

The  hydrocarbon  isolated  by  Mabery^  from  Ohio  petroleum  and  described 
by  him  as  an  octane  of  the  boiling  point  1 19.5°  at  760  mm.  was  probably 
3-ethylhexane.  (In  the  same  paper  Mabery  mentions  another  octane 
obtained  from  Ohio  petroleum,  boiling  at  124-125°.  This  can  be.no 
other  than  normal  octane.) 

3-Ethylhexane  contains  a  normal  propyl  chain — it  may  in  fact  be 
called  diethyl-normal-propylmethane.  The  corresponding  compound 
containing  an  isopropylmethane  (or  2-methyl-3-ethylpentane), 
CH3CH(CH8)CH(C2H5)CH,CH3,  was  prepared  in  this  laboratory  in  i9o8.« 
The  properties  of  the  two  compare  as  follows : 

Specific  Index  of 

Boilins  gravitv  refraction 

point.  Mm.  15V15*  Nd(25'0. 

3-Ethylhexane 118. 9®        766  0.7175  13993 

2-Methyl-3-ethylpentane ....     114  760  o .  7084  i .  3996 

»  See  Clark,  This  Journai*,  33,  520  (191 1).  Clarke  and  Beggs,  Ibid.,  34,  54  (1912). 
*  Mabery  and  Hudson,  Am.  Chem,  /.,  19,  255. 
»  Clarke.  Ibid,,  39i  574- 
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The  boiling  points  of  these  two  liquids  present  an  interesting  relation. 

It  has  been  shown^  in  the  case  of  the  octanes  previously  S3mthesized, 
that  when  we  have  a  methylheptane,  and  we  substitute  in  one  end  of  the 
chain  a  methyl  group,  the  depression  in  boiling  point  which  takes  place 
is  equal  to  the  difference  in  boiling  point  between  normal  heptane  and  the 
corresponding  methylheptane.  To  choose  a  specific  example,  the  boiling 
point  of  2-methylheptane,  CH,CH(CHj)CH,CHjCH,CHj,  is  116.0^.  The 
bofling  point  of  2,5-dimethylhexane,  CH3CH(CH3)CH,--CH,CH(CH^CH5, 
is  108.25®,  but  this  is  7.75**  lower  than  the  boiling  point  of  2-methyl- 
heptane, and  is  very  nearly  equal  to  the  difference  in  boiling  point  between 
normal  heptane  and  2-methylhexane,  vi2,,  8®.  Other  examples  may 
be  cited^  to  show  that  when  a  methylheptane  is  compared  to  a  dimethyl- 
hexane,  the  boiling  point  of  the  latter  is  as  much  below  the  former  as 
the  boiling  point  of  the  corresponding  methylhexane  is  below  that  of 
normal  heptane.  This  rule  appears  to  hold  except  in  cases  where  the 
substituting  methyl  groups  are  on  adjacent  carbon  atoms,  when  a  boiling 
point  several  degrees  higher  than  the  "calculated*'  is  observed.  Thus 
the  boiling  point  of  3-methylheptane,  CHaCH^CHCCHJCHjCHjCHjCH,, 
is  117.6°.  We  should  now  calculate  the  boiling  point  of  2,3-dimethyl- 
hexane,  CH3CH(CH3)(CH,)CHCHjCH,CH8,  as  109.6°,  since  we  change 
here  from  a  C,  straight  chain  to  an  "iso"  chain,  and  so  we  should  expect 
the  boiling  point  of  the  second  compound  to  be  8°  lower  than  that  of  the 
first,  or  117.6  —  8  =  109.6°,  but  the  actual  boiling  point  of  2,3-dimethyl- 
hexane  is  114°,  which  is  4.6°  higher  than  the  "calailated."  In  the  case 
of  3,4-dimethylhexane,  the  actual  boiling  point  is  5.8°  higher  than  the 
calculated. 

Coming  back  to  the  case  of  3-ethylhexane  and  2-methyl-3-ethyl- 
pentane,  we  have  in  the  second  compound,  on  adjacent  carbon  atoms, 
a  substituting  methyl  and  a  substituting  ethyl  group.  By  the  method 
already  described,  we  may  calctilate  the  boiling  point  of  2-methyl-3- 
ethylpentane,  and  see  if  this  rule  of  the  elevation  of  a  boiling  point  by 
substituting  methyl  groups  on  adjacent  carbon  atoms  holds  also  in  the 
case  of  a  methyl  and  an  ethyl  group.  The  boiling  point  of  3-ethylhexane 
is  118.9°.  Th^  boiling  point  of  2-methyl-3-ethylpentane  should  be 
as  much  below  that  of  3-ethylhexane  as  the  boiling  point  of  2-methyl- 
pentane  is  below  that  of  normal  hexane,  viz,,  6.8°,  so  that  the  boiling 
point  of  2-methyl-3-ethylpentane  should  be  H2.i°.  The  actual  boiling 
point  is  114°,  or  nearly  two  degrees  higher.  This  shows  then  that  when 
alkyl  groups  are  substituted  on  adjacent  carbon  atoms,  the  boiling  point 
of  the  compotmd  will  be  several  degrees  higher  than  in  compounds  where 
the  substituting  alkyl  groups  are  separated  by  one  or  more  CH,  groups. 

'  Clarke,  Tms  Joxtrnal,  33,  520. 
"  Clarke,  /.  c. 
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The  boiling  points  of  the  xylenes  are  of  interest  in  this  connection. 
/>-Xylene  boils  at  138°,  w-xylene  at  139.2°,  while  o-xylene,  in  which  the 
methyl  groups  are  on  adjacent  carbon  atoms,  boils  at  142°, 

It  is  worthy  of  note  that  the  specific  gravity  of  3-ethylhexane  is  nearly 
the  same  as  that  of  3-methylheptane,  the  figures  being  0.7175  and  0.7176, 
respectively,  at  15®,  compared  to  water  at  15°.  The  specific  gravity 
of  3-ethylhexane  is  greater  than  that  of  2-methyl-3-ethylpentane,  viz,, 
0.7175  and  0.7084,  but  the  indices  of  refraction  (N^  (25°))  are  very  dose, 
1.3993  for  the  first  named,  and  1.3996  for  the  second. 

Special  Theoretical. 

Two  methods  were  considered  for  the  synthesis  of  3-ethylhexane. 

First  Method. — ^The  first  consisted  in  subjecting  diethylketone  to  the 
Barbier-Grignard  reaction,  using  normal  propylmagnesium  iodide,  by 
which  the  alcohol,  3-ethylhexanol-3  was  formed.  This  was  converted 
into  the  corresponding  carbinol  iodide  and  treated  with  alcoholic  potash, 
which  split  off  hydriodic  acid  and  gave  an  octylene,  3-ethylhexane-2. 
By  reduction  the  last  was  saturated  to  3-ethylhexane. 

This  method  was  very  satisfactory,  the  yields  were  very  good  in  all 
reactions,  and  the  fractionation  of  each  compound  was  carried  on  without 
trouble. 

Summary. 

CHjCHjCOCHjjCH,.     Diethylketone  or  3-pentanone  — > 

CHsCH,C(OH)  (CHjCHg)  CHjCH^CH,.     3-Ethylhexanol-3 

CHaCHjCCI)  (CH3CH3)  CHjCHjCH,.     3-Ethyl-3-iodohexane 

CH3CH  :  CCC^H^CHjCHjCHj.     3-Ethylhexene-2   — > 

CHjCHjCHCCHjCHg)  CHJCKJCK,.     3-Ethylhexane. 

Second  Method, — ^This  was  not  carried  to  a  successful  conclusion.  The 
plan  was  as  follows:  Starting  with  ethyl  acetoacetate,  prepare  the  ethyl 
normal  propyl  derivative  by  replacement  of  the  methylene  hydrogen 
atoms  in  turn  by  ethyl  and  normal  propyl  groups.  This  cotdd  then  be 
saponified  giving  the  ketone,  3-ethylhexanone-2.  By  reduction  an  alcohol 
would  be  formed,  3-ethylhexanol-3,  and  the  latter  could  be  converted 
into  the  carbinol  iodide,  treated  with  alcoholic  potash  to  produce  the 
octylene,  3-ethylhexene-2,  and  reduced  to  3-ethylhexane. 

Summary. 

CHgCOCHjCOaCaHg.     Ethyl  acetoacetate  — > 

CHjCOCCCHjCHg)  (CHjjCHjCH,)  CO^C^Hj.        Ethyl      ethylpropylaceto- 

acetate  — ^ 

CH3COCH(CHjCH3)CH2CHjCH3.     3-Ethylhexanone-2 
CHjCCOH)  CH{CHjCH3)  CHjCH^CHj.     3-Ethylhexanol-2 
CH3C(I)  CHCCHjCHj)  CH2CH,CH3.     3-Ethyl-2-iodohexane 
CH3CH  :  CCCjH^CHjCHjCHj.     3-Ethylhexene-2 
CHjCHjCHCCaHJ  CH3CH3CH,.     3-Ethylhexane. 
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This  process  was  abandoned  because  of  the  diflSculty  in  obtaining 
a  sufficient  quantity  of  the  ketone,  3-ethylhexanone-2,  in  the  proper 
grade  of  purity.  The  introduction  of  both  an  ethyl  and  a  normal  propyl 
group  into  ethyl  acetoacetate  is  possible,  but  not  easy,  and  gives  a  variety 
of  products.  For  example,  if  the  ethyl  group  be  introduced  first,  a  certain 
amount  of  the  diethyl  derivative  is  also  formed,  and  the  propyl  group 
is  very  slow  in  substituting  on  later  treatment,  this  mixtture  cannot  be 
satisfactorily  fractionated,  so  the  whole  must  be  saponified,  and  the  re- 
sulting ketones  fractionated.  It  did  not  seem  worth  while  to  prepare 
the  hydrocarbon  by  this  method,  which  is  so  laborious  as  compared  to  the 
first  mentioned. 

Experimental  Part. 

First  Afe^Aod.— 3-Ethylhexanol-3,  CH3CH,C(OH)(CH3CH3)CH,CH,CH3, 
was  made  from  diethylketone  by  the  action  of  normal  propylmagnesium 
iodide.  The  diethylketone  was  obtained  from  Kahlbaum  and  boiled 
at  101-103®.  It  was  fractionated  and  that  boiling  at  101.2-101.8°  at 
756  mm.  was  used  in  the  subsequent  Barbier-Grignard  reaction. 

Twelve  grams  of  magnesium  turnings  were  dissolved  in  a  mixture 
of  90  grams  of  dry  normal  propyl  iodide  and  90  grams  of  anhydrous 
ether.  To  the  solution  43  grams  of  diethylketone  dissolved  in  two  vol- 
umes of  dry  ether  were  added,  allowed  to  remain  at  rest  for  thirty  minutes, 
when  the  organo-magnesitun  compound  was  decomposed  in  the  usual 
way  with  water  and  (lilute  hydrochloric  acid.  During  the  treatment 
with  water  and  acid  the  reaction  flask  was  kept  cold  by  immersion  in 
a  tank  of  ice  water.  The  ethereal  layer,  containing  the  desired  carbinol, 
was  separated  and  dried  over  potassium  carbonate,  the  ether  was  dis- 
tilled ofiF  and  the  residue  fractionated,  yielding  50  grams  of  3-ethylhexanol- 
3,  boiling  at  155-159^  at  756  mm. 

This  experiment  was  repeated  three  times,  giving  a  total  yield  of  150 
grams  of  the  carbinol. 

Subst.,  0.1969;  COj,  0.5316;  and  H^O,  0.2430. 

Calculated  for  CgHi,0:     C,  73.85;  H,  13.60 
Found:  C,  73.63;  H,  13.81 

Properties. — ^This  carbinol  has  an  odor  like  that  of  musty  apples.  It 
is  misdble  with  the  common  organic  solvents  but  not  with  water. 

3-Ethyl'3'iodohexane,  CR^CHS^(1)(CH^CH;)CK^CU^CU^,  and  its  Con- 
version into  3-ethylhexene-2,  CH3CH  :  CCCjHj^CHjCHjCHa.— To  65  grams 
of  3-ethylhexanol-3,  6.5  grams  of  red  phosphorus  were  added,  and  64 
grams  of  iodine  gradually  introduced  into  the  mixture.  During  the 
addition  of  the  iodine,  the  reaction  flask  was  kept  cool.  At  the  end  of 
one  hotu",  the  flask  was  heated  on  the  steam  bath  for  five  hours.  The 
resulting  carbinol  iodide  was  washed  with  water,  and  filtered  to  remove 
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unchanged  phosphorus,  but  weis  not  distilled.     It  was  converted  directly 
into  the  octylene. 

The  strong  alcoholic  potash  solution  was  prepared  and  the  carbinol 
iodide  added  to  it  with  shaking.  The  mixture  was  heated  on  the  water 
bath  for  two  hours  or  so,  the  flask  being  fitted  with  a  reflux  condenser, 
after  which  a  downward  condenser  was  attached  and  the  mixture  distilled 
until  no  more  octylene  came  over.  Alcohol  and  this  octylene  form  a  soluble 
bmary  mixture  of  minimum  boiling  point  and  aU  the  hydrocarbon  passes 
off  dtuing  the  first  part  of  the  distillation.  By  dilution  of  the  alcoholic 
distillate  with  water,  the  octylene  separated  as  a  floating  layer,  was  sepa- 
rated, dried  over  calcitmi  chloride  and  distilled.  Thirty  grams  were 
obtained  boiling  at  119.6-120.5®  at  769  mm.  This  experiment  was 
repeated  and  gave  slightly  more  than  30  grams  of  octylene  of  the  above 
boiling  point. 

Subst.,  0.3157;  CO3,  0.9868;  H,0,  0.4089. 

Calculated  for  CaH|,:       C,  85.71;  H,  14.29 
Pound:  C,  85.27;  H,  14.37 

Properties. — Liquid  with  a  rather  strong  odor,  boiling  at  119.6-120.5° 
at  769  mm.     It  is  miscible  with  the  common  organic  solvents. 

3-Ethylhexane,  CH8CH3CH(C2H5)CH3CH2CHs,  was  made  from  the 
preceding  octylene  by  reduction  according  to  the  method  of  Sabatier 
and  Senderens,  by  passing  the  octylene  over  freshly  reduced  nickel  at 
a  temperature  of  160-180®  in  a  rapid  stream  of  pure  hydrogen.*  The 
resulting  octane  was  carefully  fractionated,  and  thirty  grams  were  finally 
obtained  which  boiled  at  118.8-119^  under  766  mm.  Thirty-five  grams 
of  octylene  were  reduced,  and  as  this  was  run  through  the  reducing  ap- 
paratus twice,  some  was  lost  through  incomplete  condensation.  Less 
than  a  gram  of  material  was  rejected  in  the  distillations. 

Subst.,  0.2935;  CO3,  0.9012;  H3O,  0.4128. 

Calculated  for  CgHjg :       C,  84 . 2 1 ;  H,  15 .  79 
Found:  C,  83.74;  H,  15.74 

Properties. — Colorless,  very  mobil  liquid,  practically  without  odor. 
It  boils  at  118.8-119.0®  at  766  mm.;  has,  at  15°,  the  specific  gravity 
0.7175  compared  to  water  at  15**.     The  index  of  refraction  Nj,  (25®)  =« 

1.3993- 

Second  Method.^ — Ethyl  ethylacetoacetate  was  made  by  the  method  of 
Conrad,'  using  sodium  ethylate,  ethyl  acetoacetate  and  ethyl  iodide, 
and  in  the  usual  fashion  ethyl  ethylacetoacetate  w£is  isolated  and  dried 
with  potassium  carbonate.  This  was  treated  with  sodium  ethylate  and 
normal  propyl  iodide,  and  the  reaction  product  isolated  in  the  usual  way. 

^  See  Clarke  and  Beggs,  This  Journal,  34,  59  (1912). 
'  Conrad  and  Limpach,  Ann.,  zga,  155. 
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It  was  found,  however,  that  the  introduction  of  the  propyl  group  into 
ethyl  ethylacetoacetate  was  no  easy  matter  and  even  when  the  reaction 
mixture  was  allowed  to  stand  a  week  before  working  up,  the  yield  of  ethyl 
ethylnormalpropylacetoacetate  was  poor.  Somewhat  better  results  were 
obtained  when  the  propyl  group  was  introduced  first,  but  in  no  case  was 
the  yield  satisfactory.  The  substituted  acetoacetate  was  not  purified  by 
distillation  but  was  at  once  converted  into  the  ketone,  or  rather  a  mix- 
tiu-e  of  ketones,  since  there  were  several  acetoacetic  ester  derivatives. 

Fifty  grams  of  the  crude  acetoacetate  were  boiled  for  ten  hours  with 
75  grams  of  caustic  potash  dissolved  in  750  cc.  of  water,  the  mixture 
was  distilled  with  steam,  the  upper  layer  of  the  distillate  was  removed, 
and  dried  with  calcium  chloride.  Ten  such  distillates  were  then  tmited 
and  carefully  fractionated.  The  products  were:  2-pentanone,  boiling 
at  101-104°;  3-ethylpentanone-2,  boiling  at  136-139®;  2-hexanone,  boil- 
ing at  126-129°;  a  small  amount  of  3-propylhexanone-2,  boiling  at  173- 
175°,  and  (from  500  grams  of  crude  acetoacetate)  25  grams  of  the  desired 
ketone,  3-ethylhexanone-2,  CH3COCH(CH3CH3)CH,CH,CH„  boiling  at 
157.5-158.5°  at  761  mm.  There  was  a  residue  of  tmketonized  accto- 
acetates. 

Properties  of  3'Eihylhexanone'2. — Liquid  with  peppermint-like  odor. 
Boiling  point  157.5-158.5°  at  761  mm.  Miscible  with  the  common  organic 
solvents,  but  immiscible  with  water. 

3'Ethylhexanol'2,  CH,C(0H)CH(CH,CH8)CH,CHjCHa.— Twenty  grams 
of  ketone  were  dissolved  in  40  grams  of  ether  and  placed  in  a  flask  fitted 
with  a  long  reflux  condenser  together  with  35  grams  of  water.  In  small 
pieces  during  half  an  hour,  10  grams  of  sodium  were  added.  When  the 
sodium  had  all  dissolved,  the  ether  layer  was  removed,  the  ether  was 
distilled  off,  and  the  residue  fractionated,  which  yielded  19  grams  of  ethyl- 
hexanol-2,  boiling  at  167.5  °-i68.5°  ^^  7^0  mm.,  and  a  high-boiling  residue 
of  3  grams,  probably  a  pinacone. 

Properties  of  3'Ethylhexanol'2. — Liquid  with  an  odor  like  musty  apples^ 
boiling  at  167.5-168.5°  at  760  mm.;  miscible  with  the  common  organic 
solvents;  not  miscible  with  water. 

On  accotmt  of  the  diflEiculty  in  preparing  a  sufficient  amount  of  material, 
the  synthesis  of  3-ethylhexane  was  abandoned  at  this  point,  and  the 
study  of  the  hydrocarbon  was  made  with  the  hydrocarbon  prepared  by 
Method  I. 

Part  of  the  expense  of  this  research  was  defrayed  by  a  grant  f rpm  the 
C.  M.  Warren  Ftmd  for  Research,  for  which  we  wish  to  express  our  grati-^ 
tude. 
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4.HETHYL0CTAIfE. 

By  Latbam  CiASKB. 
Received  March  4.  1912. 

This  hydrocarbon  is  the  third  nonane  to  be  synthesized  and  studied 
in  this  laboratory.^  The  S3mtheses  of  normal  nonane  and  two  others 
are  almost  completed  and  accotmts  of  the  work  will  appear  within  the 
next  few  months. 

4-Methyloctane  is  a  liquid,  boiling  at  141.7-141.9°  at  771  mm.  It 
has,  at  15*^,  the  specific  gravity  0.7320,  compared  to  water  at  15*^.  The 
index  of  refraction,  Np  (25®)*  =  1.4027. 

The  method  of  preparation  which  seemed  the  best  for  4-methyloctane 
was  the  following:  Normal  propyl  iodide  was  condensed  with  ethyl  so- 
dium acetoacetate,  giving  ethyl  normalpropylacetoacetate,  which,  on 
saponification  with  dilute  alkali,  yielded  the  ketone  2-hexanone.  This, 
with  normal  propylmagnesium  iodide,  formed  the  alcohol  4-methyl-4- 
octanol,  containing  nine  atoms  of  carbon.  By  treating  the  carbinol 
with  iodine  and  red  phosphorus,  it  was  converted  into  the  corresponding 
carbinol  iodide,  which  last  readily  lost  the  elements  of  hydriodic  acid 
when  mixed  with  alcoholic  potash,  whereby  a  nonylene  was  produced 
which  presumably  was  4-metheneoctane,  and  which  on  reduction  was 
saturated  to  4-methyloctane. 
Summary. 

CHgCOCHaCOjCjHg.     Ethyl  acetoacetate  -f  C^H^I  — ► 
CH8COCH(CH2CH2CH8)C02C,H5.     Ethyl  n-propylacetoacetate 
CHaCOCHjCHjCHjCHj.     2-Hexanone  +  CsH^Mgl  — ^ 
CHjCHjCHjCCOH)  (CH3)  CHjCHjCHjCHj.     4-Methyl-4-octanol 
CH3CH3CH3C(:CH2)CH,CH,CH,CH3..    4-Metheneoctane  — > 
CHsCHjCHjCHCCHjOCHjCH^CHjCHj.     4  Methyloctane. 

In  the  reaction  between  normal  propylmagnesium  iodide  and  2-hexanone 
it  was  observed  that  by  a  slight  variation  in  procedure,  either  4-methyl- 
octanol  (the  expected  product)  or  4-metheneoctane  would  be  obtained, 
the  latter  resulting  from  a  dehydration  of  the  4-methyloctanol.  Ordi- 
narily such  reactions  as  this  are  carried  out  by  dissolving  the  required 
amount  of  magnesium  tiunings  in  a  slight  excess  over  the  theoretical 
amount  of  dry  normal  propyl  iodide  mixed  with  about  three  volumes 
of  anhydrous  ether.  To  the  solution,  after  thoroughly  cooling  down 
in  a  bath  of  ice  water,  the  ketone  diluted  with  two  volumes  of  anhydrous 
ether  is  added,  the  mixture  allowed  to  stand  a  few  moments,  and  the 
organo-magnesium  compoimd  decomposed  by  treatment  with  ice  water, 
followed  by  neutralization  with  dilute  hydrochloric  acid.     The  ether 

^  The  first  and  second  were  2,5-diniethylheptane,  This  Journal,  941  94,  and 
2,4-dimethylheptane,  Ibid.,  34,  60. 
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layer  is  now  drawn  off,  dried  with  potassium  carbonate,  the  ether  dis- 
tilled off  and  the  residue  fractionated.  This  procedure  in  the  case  of 
normal  propylmagnesium  iodide  and  2-hexanone  gave  a  mixture  of  the 
nonylene  and  alcohol,  in  the  proportion  of  about  one  of  the  former  to 
three  of  the  latter.  The  fractional  separation  was  difficult.  If  the  tem- 
perature was  not  kept  down  carefully  during  the  addition  of  the  ketone, 
the  proportion  of  nonylene  would  increase,  in  one  case  reaching  about 
three  parts  of  the  nonylene  to  one  of  alcohol.  More  concentrated  solu- 
tions in  ether  as  well  as  excess  of  acid  at  the  finish  were  factors  which 
increased  the  yield  of  nonylene.  Conversely,  carefully  keeping  the  tem- 
peratture  in  the  neighborhood  of  o^,  and  avoiding  an  excess  of  acid  in  the 
final  steps  considerably  increased  the  amount  of  alcohol.  In  no  case 
was  either  nonylene  or  alcohol  obtained  entirely.  In  concentrated 
solutions,  the  increased  production  of  nonylene  is  probably  due  to  the 
heat  of  reaction,  which,  being  liberated  in  a  smaller  sphere,  is  more  in- 
tense than  in  a  dilute  solution.  That  this  is  true  is  indicated  by  the  fact 
that  when  the  ketone  was  added  in  minute  portions  with  vigorous  shaking, 
thus  avoiding  any  great  heat  of  reaction  in  one  place,  the  }aeld  of  carbinol 
was  much  greater. 

Experimental  Part 

Ethyl  Nornudpropylacetoaceiate,  CH3COCH(CH,CH,CHg)C03C,H5.— This 
was  made  from  sodium  ethylate,  ethylacetoacetate  and  normalpropyl- 
iodide  by  the  Conrad  and  Limpach  method.'  The  normalpropyliodide 
was  prepared  from  normalpropylalcohol  by  the  action  of  red  phosphorus 
and  iodine  and  was  dried  over  calcium  chloride  and  redistilled  before  use. 
The  crude  ethyl  normalpropylacetoacetate  was  not  distilled  but  was 
converted  directly  into  2-hexanone. 

2'Hexan(mey  CH3COCH2CH3CH3CH3,  was  made  from  ethyl  normal- 
propylacetoacetate by  boiling  for  thirty  minutes  with  four  molecules 
of  potassium  hydroxide  in  10%  solution.  At  the  end  of  that  time,  the 
ketone  was  distilled  from  the  alkali  with  steam,  the  upper  layer  of  the 
distillate  separated,  dried  with  calcium  chloride  and  fractionated  until 
a  fraction  was  obtained  which  boiled  at  126-126.5^  at  760  mm.  As 
a  rule,  the  yield  of  pure  2-hexanone  was  about  35  grams  from  130  grams 
of  ethyl  acetoacetate,  from  5  to  15  grams  were  rejected  during  the  frac- 
tional distillations.    This  ketone  has  already  been  described.' 

4'Metheneodane,  CHjCHjCH^CC:  CH^  CHjCHjCHjCH,.— As  before  noted 
in  this  paper,  the  action  of  normal  propylmagnesium  iodide  and  2- 
hexanone  results  m  the  formation  of  a  mixture  of  4-methyloctanol  and 
4-metheneoctane,  the  amount  of  the  two,  depending  on  the  conditions 

*  Ann,,  xpa,  155. 

'  Brknmeyer-Waiiklyn,  Ann.,  235,  144.  Scho^lemmcr.  IbitLt  x6z,  273.  Konovalov, 
/•  Russ.  Phys.  Ckem.  Soc.,  25i  479* 
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of  the  experiment.  Since  4-metheneoctane  was  the  desired  product, 
the  conditions  were  so  regulated  as  to  produce  this  as  far  as  possible. 

The  following  procedure  was  usually  employed:  Twelve  grams  of 
magnesium  turnings  were  dissolved  in  90  grams  of  normal  propyl  iodide, 
diluted  with  three  voltmies  of  anhydrous  ether.  Fifty  grams  of  2-hexanone 
mixed  with  one  volume  of  ether  were  added  slowly,  the  temperature 
being  held  between  10**  and  15*^.  The  usual  treatment  with  water  and 
acid  followed,  and  after  separating  and  drying  with  potassium  carbonate, 
the  ether  solution  was  fractionated.  The  separation  of  the  nonylene 
from  the  alcohol  was  accomplished  after  several  fractionations,  the  former 
boiling  at  142-145®,  the  latter  not  very  sharply  at  178-183°.  The 
yield  of  nonylene  was  usually  35-40  grams,  of  alcohol  20-22  grams.  The 
nonylene  was  treated  with  5%  of  its  weight  of  iodine,  and  one-half  of  1% 
of  its  weight  of  red  phosphorus,  and  heated  an  hour  or  so  to  convert 
traces  of  alcohol  into  carbinol  iodide,  filtered  to  remove  phosphorus, 
washed  with  water,  and  distilled  with  alcoholic  potash.  The  distillate 
consisted  of  both  nonylene  and  ethyl  alcohol,  as  these  form  a  soluble 
binary  mixtiu*e  which  distils  off  on  the  steam  bath.  The  distillate  was 
treated  with  water,  whereby  the  hydrocarbon  separated  as  a  floating 
layer  which  was  removed,  washed  well  with  water,  dried  with  metallic 
sodium  and  fractionated.  The  major  portion  boiled  at  142-144°  at 
768  mm.,  while  much  of  the  fraction  boiled  at  143.6°.  The  carbinol 
mentioned  above  was  mixed  with  one  molecule  of  iodine  and  red  phos- 
phorus, one-tenth  the  weight  of  the  iodine  used  being  the  weight  of  the 
phosphorus  taken.  The  mixture  was  heated  to  70°  for  three  or  four 
hours,  filtered  through  glass  wool,  and  washed  with  water.  The  resulting 
carbinol  iodide  was  refluxed  for  an  hotir  with  alcoholic  potash  and  distilled, 
the  distillate  was  heated  with  water,  which  caused  the  nonylene  to  sepa- 
rate as  a  floating  layer  which  was  removed,  dried  with  metallic  sodium 
and  distilled.  The  boiling  point  of  the  major  fraction  was  142-144° 
at  768  mm.  The  total  yield  of  nonylene  was  usually  about  80%  of  the 
theoretical  or  fifty  grams,  calculated  from  the  fifty  grams  of  hexanone 
used. 

Subst.,  0.1852;  COj,  0.5807;  H3O,  0.1852. 

Calculated  for  C9H1, :        C,  85 . 7 1 ;  H,  14 .  29. 
Pound:  C,  85.53;  H,  14.32. 

Properties. — Liquid  boiling  at  142-144°  at  768  mm.  It  has  a  faint 
sweetish  odor.  It  is  miscible  with  the  common  organic  solvents  but 
not  with  water. 

The  carbinol  was  analyzed  in  the  usual  way. 

Subst.,  0.1554;  CO2,  0.4279;  H3O,  0.1920. 

Calculated  for  C,H,oO:     C,  75.00;  H,  13.88. 
Found:  C,  75.10;  H,  13.83. 


RBSEARCHES  ON   QUINAZOLINES.      XXXI.  683 

Properties. — Colorless,  oily  liquid  with  an  aromatic  sweetish  odor. 
Boiling  point,  178-183^.  It  is  misdble  with  the  common  organic  sol- 
vents. 

4-Methyloctane,  CHsCH,CH,CH(CH3)CH,CH,CH,CHj,  was  prepared 
from  4-metheneoctane  by  reduction,  the  method  being  that  of  Sabatier 
and  Senderens,  wherein  th^  tmsaturated  hydrocarbon  was  passed  over 
freshly  reduced  nickel  at  a  temperature  of  160-180^  in  a  stream  of  hydro- 
gen. The  process  was  exactly  as  that  described  by  Garke  and  Beggs^ 
for  the  reduction  of  2-methyl-5-metheneheptane  to  2,5-dimethylheptane. 

Twenty-one  grams  of  4-metheneoctane  gave  19  grams  of  4-methyl- 
octane,  which  boiled  at  141.7-141.9^  at  771  mm.  after  a  fractional  distilla- 
tion in  which  hardly  a  gram  of  hydrocarbon  was  rejected. 

Subst.,  0.1720;  CO3,  0.5334;  H,0,  0.2403. 

Calculated  for  C^H^:        €,84.37;  H,  15.63. 
Pound:  C,  84.57;  H,  15.62. 

Properties. — Colorless,  practically  odorless,  very  mobil  liquid.  It  boils 
at  141.7-141.9*'  under  771  mm.  Its  specific  gravity  at  15®,  compared 
to  water  at  15°,  is  0.7320  and  its  index  of  refraction  as  determined  with 
the  use  of  a  Pulfrich  refractometer,  N^  (25**)  =  1.4027. 

I  am  deeply  indebted  to  the  C.  M.  Warren  Fund  for  Research,  a  grant 
from  which  paid  the  expenses  of  this  work. 

Cambkxdob.  Mass. 
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But  little  information  is  on  record  concerning  the  action  of  alkyl  iodides 
upon  quinazolines. 

Paal  and  Busch*  heated  3-phenyldihydroquinazoline  with  methyl 
iodide  for  2  hours  at  100^  and  obtained  an  iodomethylate,  another  com- 
pound (apparently  an  isomeric  iodomethylate) ,  and  an  iodomethylate 
periodide.  • 

Knape^  heated  a  methyl  alcohol  solution  of  3-methyl-4-quinazolone 
with  methyl  iodide  in  a  sealed  tube  and  obtained  the  iodomethylate. 
He  also  replaced  the  iodine  by  hydroxyl  through  contact  with  moist 
silver  oxide. 

'  This  Journal,  34,  59  (1912). 

*  Read  at  the  Washington  meeting  of  the  Society,  December  29,  191 1, 
'Btfr.,  22,  2689  (1889). 

*  y.  prakt,  Chem.,  [2]  43,  223  (1890), 
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Bischler  and  Barad/  by  similar  treatment  of  2-methyl-4-phenyl- 
quinazoline,  obtained  an  iodomethylate  and  an  iodoethylate. 

Paal  and  Neuburger'  found  that  when  w-aminophenyldihydroquinaro- 
line,  in  methyl  alcohol  solution,  was  heated  with  excess  of  methyl  iodide 
in  a  sealed  tube  for  12  hours,  two  molecules  of  methyl  iodide  were  taken 
up:  one  by  the  quinazoline  nucleus,  the  other  methylating  the  amino 
group  of  the  w-aminophenyl. 

Gabriel  and  Colman,'  working  with  quinazoline  itself,  discovered  that 
the  iodomethylate  could  be  obtained  in  the  cold  or,  more  rapidly,  by 
heating  in  a  sealed  tube,  the  methyl  iodide  attaching  itself  to  the  nitrogen 
at  position  3.  By  the  action  of  potassium  hydroxide  upon  this  iodo- 
methylate, the  corresponding  methyl  quinazolinium  hydroxide  was 
produced. 

In  the  succeeding  pages  are  recorded  experiments  with  methyl  and 
ethyl  iodides  on  various  4-quinazolones,  from  which  the  following  con- 
clusions are  drawn: 

(i)  4-Quinazolones  do  not  add  alkyl  iodides  readily  except  under 
presstu-e  and  at  temperatures  of  1 10°  or  above. 

(2)  The  iodide  adds  to  the  nitrogen  in  position  i,  and  not  to  that  in 
position  3,  since  the  compound  obtained  by  adding  methyl  iodide  to 
2-methyl-3-ethyl-4-quinazolone  is  not  the  same  as  that  obtained  by 
adding  ethyl  iodide  to  2,3-dimethyl-4-quinazolone.  This  is  what  wa3 
expected,  as  the  nitrogen  in  position  i  is  the  more  basic, — ^that  in  position 
3,  due  to  the  adjoining  CO  group,  being  more  amidic  in  character: 

(I)         (a) 
/N— C.R 

^CO — ^N.R 

(4)  (3) 

(3)  The  iodoethylates  are  more  soluble  in  water,  or  in  methyl  alcohol, 
than  the  corresponding  iodomethylates,  and  usually  melt  lower. 

(4)  By  the  action  of  methyl  iodide  alone,  in  excess,  4-quinazolone, 
3-methyl-4-qumazolone  and  4-methoxyquinazoline,  all  yield  one  and 
the  same  product,  namely  the  iodomethylate  of  3-methyl-4-quinazolone: 


*  C,H,<^ 


N=CH  ^N=CH 

I  CeH4<^         I 

CO.NH  "'^^  J   ^CO.N.CH, 


^N  CH  ^  /N^CH 

^C(OCH,) :  N  ^CO.N.CH, 

Whether  the  conversion  of  the  4*methoxyquinazoline  into  the  iodo- 

*■  Ber,,  as,  3082  (189a). 

»  /.  prakt.  Chem.,  [2]  48,  5^3  (i893). 

\Ber.,[37f  3651  (1904). 
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methylate  of  3-methyl-4-qumazolone  is  or  is  not  due  to  a  preliminary 
addition  of  methyl  iodide  to  the  nitrogen  in  position  3,  with  subsequent 
splitting  off  again,  thus 

^N  — CH 

V— -N.CH, 

I. '-: 

OiCH,  I: 

has  not  been  determined  as  yet.  It  is  hoped  that  further  work  will 
answer  this  question.*  It  is  worth  noting  in  this  connection  that,  by 
the  action  of  methyl  iodide  upon  2-methyl-  or  2-styryl-4-quinazolone, 
the  iodomethylates  can  be  obtained  without  any  methylation  of  the  NH 
group  in  position  3. 

(5)  6-Nitro-4-quinazolones  generally  refuse  to  combine  with  methyl 
or  ethyl  iodide. 

(6)  2-Styryl-4-quinazolones  add  methyl  iodide  more  easily  than  they 
do  ethyl  iodide.  Styrylquinazolones  carryixig  phenyl,  p-amsyl, 
/>-phenetyl  or  a-naphthyl  radicals  in  position  3  do  not  add  methyl  iodide 
on  10  hours'  heating  at  150°.  A  p-to\y\  radical  in  the  same  position 
does  not  seem  to  interfere. 

(7)  Generally  these  alkyl  iodide  addition  products  melt  at  high  tem- 
perattires  and  soon  thereafter  evolve  what  in  the  cases  tested  proved  to 
be  the  alkyl  iodide.  Occasionally,  they  remain  in  quiet  fusion  without 
any  such  effervescence.  • 

(8)  In  some  cases,  the  iodine  can  be  replaced  by  the  NO,  group,  by 
digesting  the  iodomethylate  with  silver  nitrate. 

The  following  new  iodoalkylates  of  4-quinazolones  are  described: 
iodomethylates  of  2-methyl,  2,3-dimethyl,  3-ethyl,  2-methyl-3-ethyl, 
3-benzyl,  2-methyl-3-phenyl,  2-methyl-3-/>-tolyl,  2-methyl-3-/>-anisyl, 
2-methyl-3-/>-phenetyl,  2-methyl-3-  a-naphthyl,  2-methyl-3-^-naphthyl, 
2-methyl-3-amino,  2-styryl,  2-styryl-3-methyl,  2-styryl-3-ethyl,  2-st3rryl- 
3-/?-tolyl,  6-nitro-3-methyl,  2-phenylbutadienyl,  2-i«-methoxy-/>-hydroxy- 
styryl;  and  iodoethylates  of  3-methyl,  2,3-dimethyl,  3-ethyl,  2-methyl-3- 
ethyl,  2-methyl-3-phenyl  and  2-styryl. 

These  iodoalkylates  were  analyzed  by  dissolving  0.2-0.3  gram  of  sub- 
stance in  water,  adding  a  solution  of  silver  nitrate  acidified  with  nitric 
add,  and  warming  until  the  precipitated  silver  iodide  settled.  The 
precipitate  was  filtered  through  a  Gooch  crucible,  washed  carefully, 
dried  at  110-20^  and  weighed.  When  the  original  substance  was  in- 
soluble in  water  even  on  heating,  sufficient  alcohol  was  added  to  effect 
solution. 

^  Compare  Bogert  and  Seil,  This  Journal,  199  517  (1907).    Bogert  and  Bla^,  Ibid 
3i>  507  (1909).    May,  Dissert.,  Columbia  Univ.,  1908, 
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The  preparation  of  the  qtiinazolones  used  in  the  experiments  vrill  be 
found  chiefly  in  previous  papers  from  this  laboratory.^ 
It  is  hoped  to  continue  this  line  of  study. 

Experimental. 

4-Qmnazolone  and  Methyl  Iodide, — ^4-Quinazolone  was  boiled  with 
methyl  iodide,  alone  or  in  methyl  alcohol  solution,  but  no  formation  of 
iodomethylate  could  be  detected.  It  became  necessary,  therefore,  to 
carry  out  the  reaction  under  pressure. 

Three  grams  of  the  quinazolone  and  slightly  more  than  an  equimolec- 
ular  amount  of  methyl  iodide  were  heated  together  in  a  sealed  tube  for 
7  hours  at  100°.  On  opening  the  tube,  there  was  slight  pressiu^  evi- 
dent. The  red,  crude  product  was  purified  by  repeated  crystallization 
from  methyl  alcohol  and  was  thus  obtained  in  small  crystals,  of  faint 
yellowish  tinge,  melting  at  273-4®  (cor.).  Yield,  20%.  The  substance 
was  soluble  in  water  or  in  alcohol,  difficultly  soluble  or  insoluble  in  ether, 
chloroform,  acetone  or  benzene. 

Another  tube  was  run  with  two  molecules  of  methyl  iodide  to  one  of 
the  quinazolone.  The  tube  contents  at  the  close  of  the  heating  possessed 
a  peculiar  penetrating  odor.  The  purified  product  was  colorless,  melted 
at  273®  (cor.),  and  was  identical  with  that  secured  in  the  first  experi- 
ment.    Yield,  50%. 

Calculated  for  CioHi,ON,I:  N,  9.27;  I,  42.04. 
Found:  «         N,  9.28;  1, 41.99. 

The  product  is  thus  an  iodomethylate  of  a  methylquinazolone,  and 
is  identical  with  the  iodomethylate  obtained  from  3-methyl-4-quinazolone 
or  from  4-methoxyquinazoline,  as  a  mixture  of  any  two,  or  of  all  three, 
showed  the  same  melting  point,  and  the  crystals  appeared  the  same  under 
the  microscope. 

'  4-Methoxyquinazoline  and  Methyl  Iodide, — ^That  these  substances  react 
to  form  an  iodomethylate  has  been  shown  by  May.'  He  gives  the  melting 
point  of  the  product  ae  265^  (cor.),  and  his  analysis  corresponds  to  that 
of  an  iodomethylate  of  a  methylquinazolone.  We  have  repeated  the 
work  and  find  that  the  product  is  the  iodomethylate  of  3-methyl-4- 
quinazolone  and  that  when  carefully  purified  it  melts  at  274^  (cor.). 

This  reaction  goes  on  slowly  when  cold^  and  the  product  is  conveniently 
purified  by  crystallization  from  methyl  alcohol. 

4-Methoxyquinazoline  and  Ethyl  Iodide — ^Two  grams  of  the  quinazoline 
were  heated  with  the  calculated  amoimt  of  ethyl  iodide  for  several  hours 
at  100^,  and  the  crude  product  crystallized  from  methyl  alcohol.     Fine 

^  Bogert,  Beal  and  Amend,  This  Journal,  32,  1654  (1910).    Bogert  and  Beal, 
Ibid.,  34i  516  (>9»)'-    Bogert  and  Oeiger,  Ibid,,  349  534  (i9i3). 
•  Loc,  cU, 
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colorless  needles  were  thus  obtained,  melting  at  249®  (tmcor.),  insoluble 
in  cold  water.     Yield,  i  gram. 

Found:  I,  40.90,  40.90;  N,  9.42. 

These  figures  do  not  check  with  those  calculated  for  the  compoimd 
expected,  and  the  substance  has  not  yet  been  identified. 

2-Methyl'4'quina2olone  and  Methyl  Iodide. — ^The  quinazolone  was 
boiled  for  7  hours  with  excess  of  methyl  iodide,  but  no  change  occtured. 
A  solution  of  the  quinazolone  and  methyl  iodide  in  methyl  alcohol  was  then 
boiled  for  4  hours  with  the  same  result. 

When  the  quinazolone  and  methyl  iodide  were  heated  together  at 
150®  in  a  sealed  tube,  the  result  was  a  reddish  crystallin  cake.  This 
cake  was  dissolved  in  cold  methyl  alcohol  (in  which  it  is  very  easily  solu- 
ble), a  few  drops  of  ether  added  (not  sufficient  to  cause  precipitation), 
and  the  mixture  cooled  to  — 10®.  Well-formed  crystals  separated,  and 
additional  crops  were  secured  by  treating  the  mother  liquors  similarly. 
The  crude  substance  melts  at  220®  (uncor.).    Yield,  poor. 

Calculated  for  C^qHuON^:        N,  9.27;  I,  42.04. 
Found:  N,  9.47;  I,  42.05. 

A  similar  product  was  obtained  when  two  molecules  of  methyl  iodide 
were  used  to  one  of  the  quinazolone. 

In  another  experiment,  at  100®,  the  product  separated  as  a  pale  yellow 
amorphous  solid,  but  its  melting  point  (220®)  and  analysis  showed  it 
to  be  the  same  as  the  above:  ^ 

Found:  N,  9.20;  I,  42.18. 

The  pure  compound  forms  grayish  prisms,  soluble  in  water,  methyl  or 
ethyl  alcohols;  difficultly  soluble  or  insoluble  in  ether,  chloroform,  benzene 
or  acetone. 

j'Methyl-4-qmnazolone  and  Methyl  Iodide. — Knape'  prepared  this 
iodomethylate  by  heating  a  methyl  alcohol  solution  of  the  quinazolone 
and  methyl  iodide  in  a  sealed  tube  for  an  hour  at  100**.  If  the  methyl 
alcohol  be  omitted  in  the  preparation,  the  yield  is  then  nearly  theoretical. 

The  product  crystallizes  from  methyl  alcohol  in  csolorless  prisms,  melt- 
ing at  274**  (cor.).  ICnape  gives  no  melting  point  for  his  product,  while 
May,  who  also  prepared  it,  gives  it  as  263®. 

Calculated  for  CioH,iON,I:        N,  9.27;  I,  42.04. 
Found:  N,  9.44;  I,  42.19. 

j-Methyl-4'quinazolone  and  Ethyl  Iodide, — ^An  equimolecular  mixtiu"e 

of  the  two  was  heated  in  a  sealed  tube  for  2  hoiu^  at  no®.     The  crude 

product  was  recrystallized  from  methyl  alcohol,  giving  clusters  of  pale 

yellowish   prisms,   melting   with   effervescence   at   230 ^^    (cor.).    Yield, 

40%.     The  compoimd  is  much  more  soluble  in  hot  water  than  the  isomeric 

3-ethyl-4-quinazolone  iodomethylate. 

^  Loc.  cit. 
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Calculated  for  CiiHuON,!:        N,  8.86;  I,  40.17. 
Found:  N,  9.14;  I,  40.13. 

2,3-Dimethyl'4-quinazolone  and  Methyl  Iodide, — ^This  quinazolone  when 

boiled  with  methyl  iodide  failed  to  yield  any  iodomethylate,  so  3  grams 

of  it  were  heated  with  the  calctilated  amotmt  of  methyl  iodide  in  a  sealed 

tube  for  7  hows  at  100 **.     The  product  crystallized  from  methyl  alcohol 

in  fine  colorless  crystals  which,  after  three  recrystallizations,  melted  at 

245°  (cor.).     Yield,  90%. 

Calculated  for  C„HuON,I:        N,  8.86;  I,  40.17. 
Found:  N,  9.01;  I,  40*40. 

It  is  soluble  in  water  or  benzene,  very  slightly  soluble  (yellow  solution) 
in  acetone,  apparently  insoluble  in  ether. 

2,3'Dimethyl'4'qmnazolane  and  Ethyl  Iodide. — ^The  two  were  heated 

together  under  exactly  the  same  conditions  as  for  the  2-methyl-3-ethyl-4- 

quinazolone  and  methyl  iodide  described  beyond.     At  the  dose  of  the 

heating,  the  tube  contained  a  mass  of  fine  reddish  crystals.     Recrystallized 

from  methyl  alcohol,  colorless  glassy  needles  resulted,  melting  at  242^ 

(cor.) . 

Calculated  for  CuHuONJ :        N,  848;  I,  38.46. 
Found:  N,  8.84;  I,  3849. 

3'Ethyl'4-quinazolone  and  Methyl  Iodide, — ^Three  grams  of  the  quinazo- 
lone were  heated  with  excess  of  methyl  iodide  for  2  hours  at  110°.  The 
product  crystallized  from  methyl  alcohol  in  thin  colorless  scales  of  satiny 
luster,  melting  with  effervescence  at  258°  (uncor.);  soluble  in  water  or 
alcohol ;  difficultly  soluble  or  insoluble  in  cold  water,  in  acetone,  chloro- 
form, ether  or  benzene.     Yield,  3.1  grams. 

Calculated  for  CuHuON,!:        N,  8.86;  I,  40.17. 
Pound:  N,  9.13;  I,  40.10. 

3-Ethyl'4'quinazolone  and  Ethyl  Iodide, — ^The  two  were  heated  together 
for  2  hour§  at  no*'  and  the  crude  product  purified  by  careful  crystalliza- 
tion from  a  mixttu'e  of  methyl  alcohol  and  ether.  The  pure  substance 
forms  fine,  short,  pale  yellowish  needles,  melting  at  181°  (cor.);  soluble 
in  water,  methyl  or  ethyl  alcohol,  acetone,  chloroform  or  benzene;  prac- 
tically insoluble  in  ether.  Yield,  4.5  grams  from  2.75  grams  of  the 
quinazolone. 

Calculated  for  C|,H,»ON,I:        I,  38.46. 
Found:  1, 38.51. 

2-M ethyl- 3'ethyl'4-quinazolone  and  Methyl  Iodide, — ^Two  grams  of  the 

quinazolone  and  slightly  more  than  the  calculated  amount  of  methyl 

iodide  were  heated  together  in  a  sealed  tube  for  4  hours  at  iio^.     The 

tube  then  contained  a  crystallin  yellow  mass  and  slight  presstu-e  was 

evident  on  opening  it.     The  solid  material  was  crystallized  from  methyl 

alcohol,  in  which  it  is  more  soluble  than  the  iodomethylate  of  2,3-di- 
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iiietliyl-4-quinazolone.    As  thus  recrystallized,  it  forms  rosets  of  small, 
colorless  crystals,  which  melt  with  effervescence  at  220®  (cor.). 

Calculated  for  CjaHuONJ:        N,  8.48;  I,  38.46. 
Found:  N,  8.63;  I,  38.34. 

a-Meihyl'3'e1hyl'4'quinazol(me  and  Ethyl  Iodide. — ^An  equimolecular 
mixture  of  the  two  was  heated  for  2  hours  at  i  lo**.  The  tube  then  con- 
tained a  deep  red  liquid  in  which  were  a  few  crystals.  On  concentration, 
this  liquid  gave  a  viscous  mass,  readily  dissolving  in  methyl  alcohol 
or  in  acetone,  but  giving  no  good  crystals  on  cooling.  By  careful  addition 
of  ether  to  the  methyl  alcohol  solution,  a  pale  yellow  pulverulent  solid 
precipitated,  melting  sharply  at  177°  (cor.),  which  appears  to  be  the 
iodoethylate  sought.  Yield,  very  poor.  The  compound  is  readily 
soluble  in  water. 

Calculated  for  C^^K^GS^i       I,  36.90. 
Found:  1, 37.11. 

j-Benzyl'4'quinazolone  and  Methyl  Iodide, — ^Three  grams  of  the  quinazo- 
lone  and  the  calculated  amount  of  methyl  iodide  were  heated  together 
for  an  hour  at  no®,  and  the  crude  product  purified  by  crystallization 
from  alcohol.  Yield,  3.3  grams.  The  pure  substance  forms  minute, 
cream  colored  crystals,  melting  at  188®  (cor.) ;  soluble  in  water  or  chloro- 
form; difficultly  soluble  in  acetone ;  practically  insoluble  m  ether  or  benzene. 

Calculated  for  C^fiuPi^^L:        I,  33.58. 
Found:  '        1, 33.48. 

2'Methyl'3-phenyl'4-quinazolone  and  Methyl  Iodide. — ^A  mixture  of  2 

grams  of  the  quinazolone  and  the  calculated  amount  of  methyl  iodide 

was  heated  in  a  sealed  tube  at  no®,  and  the  crude  product  crystallized 

from  methyl  alcohol,  from  which  it  separated  in  short  needles,  partly 

united  in  clusters  or  rosettes,  and  melting  with  effervescence  at  243® 

(cor.).     Yield,  90%. 

Calculated  for  CxeHwONJ:        N,  7.40;  I,  33-58' 
Found:  N,  7.54;  I,  33.50. 

2-Methyl'3'phenyl-4'quinazolone  and  Ethyl  Iodide. — ^An  equimolecular 

mixture  of  the  two  was  heated  in  a  sealed  tube  for  2  hom-s  at  no®.     The 

crystallin    product  was    too  easily  soluble  in  methyl  alcohol,  so  it  was 

crystallized  from  acetone,  from  which  it  separated  in  minute,  colorless 

crystals,  melting  at  244®  (cor.) .    Yield,  not  very  good. 

Calculated  ioK  C„Hi,ON,I:       I,  32.38. 
Found:  1, 33.49. 

2'Methyl'3'p-tolyl'4'qtUnazolone  and  Methyl  Iodide. — ^The  quinazolone 
and  methyl  iodide  were  heated  together  in  a  sealed  tube  for  3  hours  at 
no®,  and  the  product  crystallized  first  from  methyl  alcohol  and  then 
from  ethyl  alcohol  (to  remove  a  small  amount  of  reddish  impiuity). 
Yield,  80%.    The  pure  compoxmd  forms  pale  yellowish  plates  of  satiny 
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luster,  melting  with  effervescence  at  234.5®  (uncor.);  soluble  in  water, 

methyl  or  ethyl  alcohol. 

Calculated  for  C,7H,tONJ:        I,  32.38. 
Pound:  1, 32.17. 

2'Methyl-3'p'anisyl'4'quinazolone  and  Methyl  Iodide. — An  equimolecular 
mixture  of  the  two  was  heated  in  a  sealed  tube  for  3  hours  at  116®,  and 
the  product  crystallized  from  methyl  alcohol,  yielding  colorless  nacreous 
scales,  melting  with  effervescence  at  231.5°  (cor.);  soluble  in  water, 
methyl  or  ethyl  alcohol;  difficultly  soluble  or  insoluble  in  ether,  chloro- 
form, acetone  or  benzene.  Yield,  3  grams  from  2.5  grams  of  the  quinazo- 
lone. 

Calculated  for  C|7H„0,N,I:       I,  31.11. 
Pound:  I,  31.01. 

2-Methyl'3'p-phenetyl'4'quinazolone  and  Methyl  Iodide. — A  mixture  of 
the  quinazolone  with  excess  of  methyl  iodide  was  heated  for  3  hours  at 
110°  and  the  product  crystallized  from  methyl  alcohol.  Small,  pale 
yellowish  crystals  were  obtained,  melting  with  effervescence  at  221° 
(uncor.) ;  soluble  in  water,  methyl  or  ethyl  alcohol ;  difficultly  soluble  or 
insoluble  in  ether,  chloroform,  acetone  or  benzene. 

Calculated  for  C„H,gOaNJ:      I,  30.07. 

Pound:  I,  30.05. 

2'Methyl'3'  ai-naphthyl'4'quinazolone  and  Methyl  Iodide. — ^A  mixtiu^  of 
the  quinazolone  and  methyl  iodide  was  heated  in  a  sealed  tube  for  3  hours 
at  no®,  and  the  product  crystallized  from  methyl  alcohol.  Minute,  pale 
yellowish  needles  resulted,  melting  with  eflFervescence  at  235®  (uncor.); 
soluble  in  water,  methyl  or  ethyl  alcohol;  difficultly  soluble  or  insoluble 
in  ether,  chloroform,  acetone  or  benzene.  Yield,  2  grams  from  3  grams 
of  the  quinazolone. 

Calculated  for  CmHi^ONJ:        I,  29.65. 

Pound:  I,  29.73. 

2'Methyl-j'P'naphthyl'4'qfUna2olone  and  Methyl  Iodide  were  heated  to- 
gether for  3  hours  at  120**  and  the  product,  on  crystallization  from  methyl 
alcohol,  gave  microscopic,  pale  brown  peedles,  melting  with  effervescence 
at  238®  (imcor.),  and  showing  approximately  the  same  solubilities  as  the 
(X-compound.     Yield,  theoretica^. 

Calculated  for  C,oHirONJ:        I,  29.65. 
Found:  I,  29.80. 

2'Methyl'j-aniinO'4'gmnazolone  and  Methyl  Iodide. — Attempts  to 
methylate  the  amino  group  in  this  quinazolone  either  by  the  action  of 
methyl  iodide,  or  of  dimethyl  sulfate,  in  presence  of  alkali,  failed,  the 
quinazolone  being  recovered  unaltered.  By  the  action  of  methyl  iodide 
alone,  however,  a  monoiodomethylate  was  obtained. 

A  mixture  of  the  quinazolone  and  methyl  iodide  was  heated  for  an 
hour  at  110°.     Longer  heating  caused  considerable  decomposition.    The 


KBSEAItCHES  ON  QUINAZOLINgS.      XXXI.  69 1 

crude  product  crystallized  from  methyl  alcohol  in  minute,  pale  brownish 
prisms,  melting  with  effervescence  at  201^  (cor.)*  and  showing  similar 
solubilities  to  the  above  naphthyl  derivatives.  Yield,  2  grams  from  3 
grams  of  the  quinazolone. 

Calculated  for  C,oH,/:)M J :        I,  40.04. 

Pound:  1, 39-93* 

2'Siyryl'4'quinazolone  and  Methyl  Iodide, — ^The  addition  of  the  methyl 
iodide  was  accomplished  by  2  hours'  heating  at  iio^.  The  product 
crystallized  from  methyl  alcohol  in  short,  feathery,  golden  yellow  needles, 
which  began  to  melt  at  230^  and  gave  a  dear  liquid  fusion  at  235^  (tm- 
cor.},  but,  tmlike  the  iodomethylates  described  above,  did  not  show  any 
effervescence.  Yield,  2.5  grams  from  3  grams  quinazolone.  The  sub- 
stance is  difficultly  soluble  in  hot  water,  soluble  in  methyl  or  ethyl  alcohol, 
very  difficultly  soluble  or  insoluble  in  ether,  chloroform,  acetone  or  benzene. 

Calculated  for  C^uON,!:       I,  32.54. 
Found:  1, 33.43. 

2'Siyryl-4'quinazolone    Methyl    Niiraie,    CieHijONj.CHjNOj. — ^In    the 

analysis  of  the  preceding  compound,  the  iodine  was  precipitated  as  usual 

with  silver  nitrate  and  the  silver  iodide  filtered  out.     Prom  the  filtrate, 

on  cooling,  there  separated  fine,  pale  yellowish  needles,  melting  with 

effervescence  at  177**  (cor.),  which  proved  to  be  the  corresponding  methyl 

nitrate  addition  product,  the  iodine  having  been  replaced  by  the  nitric 

acid  residue.    Yield,  theoretical. 

Calculated  for  CifHi^O^N,:        N,  12.92. 

Pound:  N,  13.96. 

2'Styryl'4'qwinazolone  and  Ethyl  Iodide, — No  addition  occurred  when 
these  substances  were  heated  together  for  3  hours  at  110°,  and  it  was 
found  necessary  to  heat  10  hotu-s  at  140^  to  accomplish  the  desired  result. 
The  iodoethylate  crystallizes  from  methyl  alcohol  in  small,  feathery, 
orange  yellow  needles,  which  melt  at  217-8®  (uncor.)  without  efferves- 
cence. It  is  difficultly  soluble  in  hot  water,  much  more  soluble  in  methyl 
alcohol  than  the  corresponding  iodomethylate,  moderately  soluble  in 
acetone  or  chloroform,  and  practically  insoluble  in  ether  or  benzene. 
Yield,  1.5  grams  from  3  grams  quinazolone. 

Calculated  for  CifHifONJ:       I,  31.41. 

Pound:  1, 31.45. 

2-Styryl'3'methyl'4-quinazolone  and  Methyl  Iodide. — ^An  equimolecular 

mixtture  of  the  two  was  heated  4  hotu^  at  110°  in  a  sealed  tube.     The 

solid  product  was  crystallized  from  methyl  alcohol,  and  then  appeared 

in  bright,  lemon  yellow  scales,  melting  with  effervescence  at  214®  (cor.) ; 

soluble  in  a  large  volume  of  hot  water.     Yield,  80%. 

Calculated  for  C^HiyON,!:       N,  6.93;  I,  31.41. 
Pound:  N,  7.19;  I,  31.49. 

2-Styryl-3-methyl-4-quinazolone  heated   with  excess  of  ethyl  iodide 
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for  3  hours  at  115*^,  or  for  5  hours  at  130-40*^,  jdelded  no  iodoethylate, 
but  remained  unchanged. 

2-Styryl'3'ethyl-4-quina2olone  and  Methyl  Iodide  were  heated  together 
for  2  hours  at  115*^  in  a  sealed  tube.  The  crude  product  crystallized 
from  methyl  alcohol  in  pale  yellow,  glistening  plates,  melting  with  efferves- 
cence at  207.5  ^^  (imcor.);  difficultly  soluble  in  water,  but  much  more 
readily  soluble  in  methyl  alcohol  than  the  2-styryl-3-methyi-4-quinazo- 
lone  iodomethylate.     Yield,  30%. 

Calculated  for  C„H|,ONJ:        I,  30.36. 

Pound:  1, 30.46. 

2'Siyryl'3'p'tolyl-4'qiUnazolone  and  Methyl  Iodide, — ^A  mixture  of  the 
two  was  heated  for  3  hours  at  110°  without  any  change  occurring,  axid 
it  was  necessary  to  heat  for  10  hoiu-s  at  140°  to  effect  the  addition.  The 
product  crystallizes  from  methyl  alcohol  in  clusters  of  beautiful  golden 
yellow  needles,  melting  with  effervescence  at  219.5°  (uncor.) ;  difficultly 
soluble  in  water ;  more  soluble  in  methyl  alcohol  than  the  iodomethylate 
of  2-methyl-3-/)-tolyl-4-quinazolone ;  soluble  in  ethyl  alcohol;  difficultly 
soluble  or  insoluble  in  ether,  chloroform,  acetone  or  benzene. 

Calculated  for  CmHsON,!:        I,  26.50. 

Found:  1, 2649. 

The  following  4-qiunazolones  failed  to  add  methyl  iodide  when  heated 
with  it  for  10  hours  at  140° :  2-styryl-3-phenyl,  2-styryl-3-/>-anisyl,  2-st)rryl- 
3-/)-phenetyl  and  2-styryl-3-a-naphthyl. 

6'NitrO'3-methyl-4'quinazolone  and  Methyl  Iodide, — Six  grams  of  the 
quinazolone  were  heated  with  methyl  iodide  in  a  sealed  tube  for  6  hours 
at  130°.  The  crude  product  oTstallized  from  methyl  alcohol  in  clusters 
of  orange  needles,  melting  sharply  at  228.5°  (cor.).     Yield,  5  grams. 

Pound:  N,  15.80,  15.90;  I,  23.36,  23.43. 

This  corresponds  to  a  compound  made  up  of  one  molecule  of  the  original 
quinazolone  in  union  with  one  molecule  of  its  iodomethylate  (N,  15.21; 
I,  23.0).  Under  the  microscope,  the  crystals  appeared  homogeneous. 
When  this  substance  was  crystallized  from  water,  there  separated  first 
some  of  the  original  quinazolone,  then  the  orange  needles  just  described, 
and  finally  the  iodomethylate  sought. 

The  latter  crystallizes  in  small,  yellow  needles,  melting  sharply  at  the 
same  point  as  the  orange  compoimd  (228.5®,  cor.). 

Calculated  for  CjoHiqO^J:      I,  36.58. 
Found:  1, 36.19. 

The  following  nitro  4-quinazolones  refused  to  add  methyl  iodide  under 
the  conditions  of  our  experiments:  6-nitro-2-methyl,  6-nitro-2,3-dimethyl 
and  6-nitro-2-methyl-3-ethyl. 

2-Phenylbutadienyl'4-quina2olone  and  Methyl  Iodide  were  heated  to- 
gether for  3  hours  at  120®.     The  crude  product  crystallized  from  methyl 
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alcohol  in  minute,  salmon  crystals,  melting  with  slight  effervescence  at 

232.5^  (cor.);  insoluble  in  water,  but  soluble  in  dilute  ethyl  alcohol. 

Yield,  I  gram  from  2  grams  quinazolone. 

Calcnlated  for  C|,H,rONJ:       I,  30.51. 
Pound:  1, 30.43. 

2'in'Meihoxy-p'hydroxystyryl'4'qutna2olane    and  .  Methyl    Iodide    were 

heated  together  for  3  hours  at  120°.    The  crude  product  crystallized 

from  methyl  alcohol  in  salmon  red,  microscopic  crystals,  melting  quietly 

at  223-5®  (tmcor.);  difficultly  soluble  in  water,  but  soluble  in  dilute 

alcohol.    Yield,  2.5  grams  from  2  grams  quinazolone. 

Calculated  for  Cifi^fi^Ji :      I,  29. 1 1 . 
Pound:  1, 28.82. 

OKOANIC  LABOKATOKy.  COLUMBIA  tAflTBUITT. 
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By  MjJunoH  Taylok  Boobbt  amd  Loun  Bl«bb«o  Wibb. 

Received  March  18.  1912. 

In  continuing  the  work  on  />-aminobenzonitrile  previously  reported' 
from  this  laboratory,  the  authors  have  prepared  and  studied  the  following 
new  compounds :  />-aminobenzonitrile  picrate,  />-nitrobenzoyl-/>-amino- 
benzonitrile,  />-cyanophenyl  urethane,  />-carbamidophenyl  urethane,  /)-cy- 
anphenyl  urea,  />-cyanocarbanilide,  di-/>-cyanocarbanilide,  />-cyanoxaiiil- 
amide,  oxanilic  />-cyananilide,  />-cyanosuccinanilic  acid,  its  silver  salt, 
methyl  and  ethyl  esters,  />-cyanosuccinanil,  /'-cyanophthalanilic  acid, 
/>-cyanophthalanil,  a  formaldehyde  condensation  product,  bromo-/>-aceta- 
minobenzonitrile,  3-nitro-4-acetaminobenzamide,  3 ,4-diacetyldiamino- 
benzonitrile,  cyano- a-methylbenzimidazole  and  the  corresponding  carb- 
amidomethylbenzimidazole. 

Of  these  compounds,  the  picrate  was  obtained  by  bringing  the  nitrile 
and  picric  acid  together  in  benzene  solution;  the  /)-nitrobenzoyl  deriva- 
tive, by  the  action  of  />-nitrobenzoyl  chloride  upon  the  nitrile  in  presence 
of  pyridine.  From  the  aminonitrile  and  ethyl  chlorformate,  the  cyano- 
phenyl  urethane  was  obtained,  whose  CN  was  hydrolyzed  to  a  — CO.NH, 
group  by  the  action  of  an  alkalin  solution  of  hydrogen  dioxide.  p-Cy- 
anophenyl  urea  could  not  be  prepared  from  the  urethane  and  ammonia, 
but  was  obtained  from  the  hydrochloride  of  the  nitrile  and  potassium 
cyanate.  From  the  aminonitrile  and  phenyl  isocyanate,  the  /?-cyano- 
carbanilide   resulted;    and,    with    phosgene,    the    di-/>-cyanocarbanilide. 

^  Read  at  the  Washington  Meeting  of  the  Sodety,  Dec.  29,  191 1. 
•  This  Journal,  as,  478  (1903);  32,  i494  (1910). 
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Ethyl  /^-cyanooxanUate  and  ammonia  yielded  the  corresponding  amide, 
and  aniline  the  anilide.  By  heating  the  aminonitrile  with  the  anhydride 
of  succinic  or  of  phthalic  acid,  the  anilic  acids  were  produced,  which,  on 
treatment  with  acetic  anhydride,  gave  the  anils. 

Formaldehyde  condensed  with  the  aminonitrile  apparently  to  a  diphen- 
amine  of  the  structure  CH2(NH.CeH4.CN)2,  without  the  formation  of  any 
monomolecular  condensation  of  the  type  (CH,  :  N.CeH^.CN)^^. 

Bromination  of  the  acetaminonitrile,  like  nitration,  yielded  the  mono- 
substituted  product. 

Prom  the  diacetyldiaminonitrile,  the  cyanomethylbenzimidazole  was 
obtained  by  the  action  of  heat,  the  condensation  being  accomplished 
by  the  elimination  of  a  molecule  of  acetic  acid: 

<NH.COCH,  /N^ 

-f-  heat  =  NC.C,hZ        >C.CH,  -f  CH,.COOH. 
NH.COCH,  ^NH/ 

Many  of  the  adds  corresponding  to  the  above  nitriles  have  been  de- 
scribed by  other  investigators  and  will  be  found  in  the  literature. 

Experimental. 

p'Aminobenzanitrile  was  prepared  as  described  in  our  previous  paper/ 
the  nitrile  being  purified  by  crystallization  from  water.  Instead  of 
attempting  to  recover  the  nitrile  in  the  mother  liquors  by  concentration, 
it  was  found  much  more  convenient  to  heat  these  aqueous  mother  liquors 
direct  with  excess  of  acetic  anhydride,  the  nitrile  being  then  thrown  out 
in  a  few  minutes  as  the  crystallin  acetyl  derivative. 

Pier  ate. — 1.8  grams  of  picric  acid  were  dissolved  in  benzene  and  a 
gram  of  the  powdered  nitrile  added.  The  mixture  was  heated  for  a  few 
minutes,  filtered,  and  the  filtrate  concentrated.  On  cooling,  the  picrate 
separated  in  small  yellow  granular  arborescent  crystals  which,  after  two 
re-crystallizations  from  dilute  alcohol,  appeared  in  long,  silky,  golden 
yellow  needles,  melting  at  150.5°  (cor.),  with  marked  softening  about 
four  degrees  lower.  The  substance  is  easily  soluble  in  hot  alcohol,  in 
nitrobenzene  or  in  acetone;  moderately  soluble  in  boiling  water,  in  chloro- 
form or  in  benzene ;  and  very  difficulty  soluble  in  ether  or  in  carbon  tetra- 
chloride. 

Calculated  for  Cj,H,OrN«:  N,  20.18.    Found:  N,  20.39. 

The  following  additional  information  has  been  gained  concerning  the 
solubilities  of  certain  compounds  described  in  our  previous  papers  and 
may  be  of  service  to  future  workers  in  this  field: 

p'Acetaminobenzanitrile  is  very  easily  soluble  in  cold  acetone,  boiling 
chloroform,  boiling  isoamyl  alcohol,  ethyl  acetate,  nitrobenzene  or  hot 
water;  less  readily  soluble  in  cold  alcohol,  glacial  acetic  acid,  or  boiling 
» Tras  JouRNAi.,  3a,  1495  (1910). 
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isoamyl  acetate;  moderately  soluble  in  boiling  benzene;  difficultly  soluble 
in  ether;  and  practically  insoluble  in  carbon  tetrachloride. 

p'Acetaminobeftzamide  is  readily  soluble  in  boiling  water,  alcohol  or 
nitrobenzene,  crystallizing  from  the  latter  on  cooling.  It  is  very  diffi- 
cultly soluble  in  hot  benzene,  and  practically  insoluble  in  boiling  ether, 
acetone  or  chloroform. 

p'Benzoylaminobenzonitrile  is  easily  soluble  in  cold  acetone,  hot  ethyl 
or  isoamyl  alcohols;  moderately  soluble  in  cold  chloroform,  ethyl  or 
isoamyl  acetates,  or  in  hot  benzene;  difficultly  soluble  in  hot  water  or 
carbon  tetrachloride;  and  very  difficultly  soluble  in  ether. 

P'Nitrobenzoyl-p-aminohenzoniirUe,  02N.CjH4.CO.NH.C,H4.CN,  was  ob- 
tained from  /'-aminobenzonitrile  and  />-nitrobenzoyl  chloride,  in  presence 
of  pyridine,  completing  the  reaction  by  a  few  minutes'  boiling,  then 
cooling,  and  pouring  the  mixture  into  a  large  volume  of  cold  water.  The 
precipitated  nitrobenzoyl  derivative  was  filtered  out,  washed  with  water 
and  with  sodium  carbonate  solution,  and  cr>''stallized  from  95% 
alcohol.  Long,  pale  yellow,  glistening  needles  resulted,  melting  at  258-9° 
(uncor.);  readily  soluble  in  hot  glacial  acetic  acid  or  in  nitrobenzene; 
moderately  soluble  in  cold  acetone;  rather  difficultly  soluble  in  boiling 
alcohol;  very  slightly  soluble  in  hot  water;  and  practically  insoluble  in 
ether,  chloroform  or  benzene,  at  their  boiling-points. 

Calculated  for  Cj^H^OsN,:  N,  15.74.     Found:  N,  15.83. 

p'Cyanphmyl  Urethane,  NC.CeH^.NHCOOCjHj.  The  aminonitrile  was 
dissolved  in  alcohol,  the  solution  diluted,  some  sodium  carbonate  added, 
and  then  ethyl  chlorformate.  No  action  was  evident  in  the  cold,  but 
on  warming  carbon  dioxide  was  evolved  and  the  urethane  precipitated 
in  colorless  crystals.  If  sufficient  water  is  not  present,  some  of  the  product 
separates  as  an  oil.  Treatment  of  this  oil  with  more  water  changes  it 
to  the  crystallin  urethane.  The  product  was  thoroughly  washed  with 
water,  re-oystallized  twice  from  dilute  alcohol,  dried  to  constant  weight, 
and  analyzed : 

Calculated  for  C|oH]oO,N,:  N,  14.74.    Pound:    N,  15.00. 

The  pure  compotmd  forms  colorless,  glassy  needles,  melting  at  116-7° 
(cor.) ,  with  a  faint  pineapple  odor,  and  soluble  in  cold  acetone,  benzene, 
methyl  or  ethyl  alcohol,  ether  or  chloroform.  In  boiling  water  it  first 
melts  to  an  oil,  then  slowly  dissolves. 

p'Carbamtdophenyl  Urethane,  HjN.CO.QjH^.NHCOOCjHj.— /)-Cyano- 
phenyl  urethane  was  heated  for  several  hours  at  100°  with  an  aqueous 
solution  of  hydrogen  dioxide  (3%)  made  alkalin  with  sodium  carbon- 
ate. The  insoluble  product  was  filtered  out,  washed  with  a  small  amount 
of  alcohol,  and  crystallized  thrice  from  dilute  alcohol. 

Calculated  for  C,oHi,0,N,:  N,  13.46.    Pound:  N,  13.64. 

The  pure  substance  crystallizes  in  slender,   colorless,   silky  needles, 
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soluble  in  cold,  glacial  acetic  acid,  alcohol,  hot  benzene,  or  boiling  water; 
difficultly  soluble  in  boiling  ether,  acetone  or  chloroform.  The  melting 
point  of  the  compoxmd  varies  somewhat  with  the  rate  of  heating.  Heated 
quickly,  it  melts  at  about  232.5 ^^  (imcor.),  but  soon  thereafter  re-solidifies 
as'  the  temperature  rises,  with  evolution  of  ammonia.  By  treatment 
with  chloroform,  two  substances  were  separated  from  this  re-solidified 
melt,  one  of  which  remained  tmfused  at  305*^  (uncor.),  and  was  ap- 
parently insoluble  in  the  ordinary  solvents,  but  lack  of  material  pre- 
cluded further  investigation  along  this  line. 

Digestion  of  the  urethane  with  concentrated  ammonia,  or  with  a  strong 
(33%)  aqueous  solution  of  methylamine,  was  without  effect,  no  />-cyano- 
phenyl  urea  being  formed. 

p'Cyanophenyl  Urea,  NC.CeH4.NH.CO.NH,.— The  pulverized  hydro- 
chloride of  />-aminobenzonitrile  was  dissolved  in  warm  water  and  an 
aqueous  solution  of  the  calculated  amount  of  potassium  cyanate  added. 
The  urea  precipitated  immediately.  It  was  filtered  out,  and  purified 
by  treating  its  aqueous  solution  with  bone-black  and  re-crystallizing 
twice  from  water.  The  piu'e  compound  crystallizes  in  minute,  colorless 
needles,  melting  at  207.5-208.5®  (imcor.);  easily  soluble  in  hot  ethyl  or 
isoamyl  alcohol;  soluble  in  boiling  acetone  or  in  hot  water;  and  apparently 
insoluble  in  ether,  chloroform  or  benzene. 

Calculated  for  CaHrON,:  N,  26.09.    Found:  N,  s6.^. 

p-CyanocarbanHide,       NCQjH^.NH.CO.NHCeHg. — ^/>-Aminobenzonitrile 

was  dissolved  in  dry  benzene  and  excess  of  phenyl  isocyanate  added. 

As  no  action  appeared  in  the  cold,  the  temperature  was  gradually  raised 

to  loo*'.     A  yellow,  crystallin  solid   soon   separated.     The  mixture  was 

allowed  to  stand  over  night,  the  precipitate  removed,  and  oystallized 

from  dilute  alcohol  until  the  melting  point  remained  constant  at  198.5  ^ 

(cor.) .     The  compound  crystallizes  in  light,  feathery  clusters  of  colorless, 

silky  needles,  readily  soluble  in  cold  acetone,  glacial  acetic  acid  or  alcohol ; 

soluble  in  hot  benzene  or  in  cold  chloroform ,••  slightly  soluble  in  ether; 

and  very  difficultly  soluble  in  water.     The  yield  is  good. 

Calculated  for  C,4H„0N,:  C,  70.85;  H,  4.68;  N,  17.73. 
Found:*  C,  70.32;  H,  4.98;  N,  17.37. 

These  poor  results  are  due  in  part  to  the  fact  that  the  dry  substance 
was  so  very  light  and  fluffy  that  considerable  difficulty  was  experienced 
in  transferring  it  without  loss  from  the  balance  to  the  combustion  tube. 

Dirp-cyanocarbanilide,  (NC.C8H4.NH)2CO. — ^The  aminonitrile  was  dis- 
solved in  dry  benzene  and  a  benzene-toluene  solution  of  phosgene  added. 
A  yellow  precipitate  separated  almost  immediately.  The  mixture  was 
left  over  night,  and  the  precipitate  then  filtered  out  and  crystallized  from 
dilute  alcohol,  from  which  it  separated  in  small,  colorless  needles,  melting 
at  273°  (imcor.),  with  slight  previous  softening,  soluble  in  hot  alcohol ; 
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difficultly  soluble  or  insoluble  in  water,  chloroform  or  ether.     Yield,  only 
fair. 

Calculated  for  C,5H|,PN«:  N,  21.38.    Pound:  N,  21.28. 

p'CyanooxanUamide,  NC.CeH^.NH.CO.CO.NHj. — Ethyl  />-cyanooxaiiilate 
was  wanned  for  a  half  hour  with  excess  of  concentrated  ammonium 
hydroxide  solution,  then  diluted  with  water  and  allowed  to  stand  over 
night.  The  colorless,  crystallin  solid  was  filtered  out,  and  crystallized 
from  glacial  acetic  add,  giving  minute,  colorless  crystals,  melting  above 
300°,  soluble  in  hot  nitrobenzene;  very  slightly  soluble  in  boiling  alcohol; 
and  practically  insoluble  in  water,  ether,  chloroform,  isoamyl  acetate 
or  benzene. 

Calculated  for  C^O^,**  ^*  22.23.    Found:  N,  22.32. 

Oxantlic-p-Cyanoamlide,  NC.CeH^.NH.CO.CO.NHQHj.— Ethyl  p-cyano- 
oxanilate  was  boiled  for  about  15  minutes  with  aniline  and  zinc  chloride. 
When  cold,  the  solidified  melt  was  extracted  with  boiling  alcohol.  From 
the  alcoholic  extracts,  crystals  were  obtained  which  were  purified  by 
dissolving  them  in  boiling  glacial  acetic  acid,  filtering,  and  carefully 
diluting  the  filtrate  with  water.  On  cooling,  crystals  separated  which 
were  then  crystallized  from  alcohol.  As  thus  purified,  the  compotmd 
forms  minute,  colorless  crystals,  melting  at  246°  (uncor.);  soluble  in  cold 
chloroform,  but  practically  insoluble  in  water  or  ether. 

Calculated  for  Ci«HuO,N,:  N,  15.85.    Found:  N,  15.93. 

p'Cyanosuccinanilic  Acid,  NC.CbH^.NH.CO.CHj.CHj.COOH.— Four 
grams  />-aminobenzonitrile  and  3.5  grams  freshly  distilled  succinic  an- 
hydride were  brought  together  in  chloroform  solution  and  the  whole 
boiled  for  half  an  hour.  A  crystallin  precipitate  gradually  separated. 
The  mixture  was  allowed  to  cool,  the  precipitate  removed,  and  the  filtrate 
boiled  again.  Another  crop  of  crystals  was  obtained,  which  was  removed 
and  the  filtrate  again  heated.  This  was  continued  so  long  as  any  ad- 
ditional product  was  obtained.  The  various  crops  of  crystals,  combined 
and  washed  with  ether. or  chloroform,  amotmted  to  4.6  grams  and  were 
practically  pure.  Recrystallized  from  water,  the  compound  forms  color- 
less minute  prisms,  melting  at  213-214®  (uncor.);  soluble  in  acetone,  hot 
alcohol,  boiling  water  or  glacial  acetic  acid ;  insoluble  in  ether,  chloroform 
or  benzene. 

Calculated  for  CuH^oOaN,:  N,  12.85.    Found:  N,  12.94. 

It  is  easily  soluble  in  aqueous  solutions  of  ammonia  or  of  the  alkali 
carbonates,  and  gives  a  deep,  reddish  brown  solution  with  ferric  chloride, 
which,  after  heating  for  a  short  time  and  cooling,  precipitates  a  brown 
iron  salt. 

Silver  Salt, — ^The  acid  was  dissolved  in  a  slight  excess  of  ammonium 
hydroxide  solution,  the  solution  warmed,  silver  nitrate  added  in  excess, 
and  the  solution  boiled  to  expel  excess  of  ammonia.     On  cooling,  the 
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silver  ^alt  separated  in  faintly  colored  needles,  and  another  crop,  of  color- 
less and  ptirer  crystals,  was  obtained  from  the  mother  liquor.  The  salt 
is  easily  soluble  in  ammonium  hydroxide  solutions,  slightly  soluble  in 
hot  water  but  practically  insoluble  in  cold. 

Calculated  for  CnH^O^^g:  Ag,  33.30.    Pouiid:  Ag,  33.36. 

Methyl  Ester, — ^The  acid  was  esterified  by  suspending  it  in  absolute 
methyl  alcohol  and  passing  in  dry  hydrogen  chloride  gas  until  complete 
solution  resulted,  and  then  pouring  this  solution  upon  cracked  ice.  The 
colorless,  crystallin  precipitate  which  separated  was  removed,  washed 
thoroughly  with  sodium  carbonate  solution,  then  with  water,  and  re- 
crystallized  from  dilute  methyl  alcohol,  giving  delicate,  lustrous,  pearly 
leaflets,  melting  at  155-156*^  (cor.)  with  very  slight  previous  softenmg; 
easily  soluble  in  cold  chloroform  or  acetone;  soluble  in  hot  methyl  alcohol, 
in  boiling  water  or  ether;  apparently  insoluble  in  the  lower  petroleum 
fractions. 

Calculated  for  Ci^uO,N,:  N,  12.07.    Pound:  N,  12.34. 

The  Ethyl  Ester,  prepared  in  a  similar  manner,  crystallizes  from  very 
dilute  alcohol  in  colorless  shining  scales,  melting  at  r  1 1  ®  (cor.) ;  readily 
soluble  in  chloroform  or  acetone;  Soluble  in  alcohol,  ether  or  hot  benzene; 
insoluble  in  petroleum  ether. 

Calculated  for  Ci,Hi40,N,:  N,  11.38.    Found:  N,  11.54. 

In  preparing  this  ester,  if  too  large  an  amount  of  alcohol  is  used  in  the 
esterification,  the  product  is  not  precipitated  when  the  solution  is  poured 
upon  cracked  ice. 

In  the  course  of  these  esterifications,  the  formation  of  imino  esters, 
or  of  esters  of  bibasic  adds,  was  not  observed. 

p-Cyanosuccinanil,     NC.CeH4.N<(^        |      .  —  />-Cyanosuccinanilic    acid 

^CO.CHj 

was  added  to  excess  of  hot  acetic  anhydride,  and  the  resulting  solution 

evaporated  to  small  volume.     Some  water  was  added,  the  mixture  heated, 

filtered  hot,  and  from  the  filtrate  on  cooling  the  anil  separated  in  large 

crystals.     Recrystallized  repeatedly  from  water,  opaque,  ivory  colored, 

coarse  crystals  were  obtained,  melting  at  170®   (cor.);   soluble  in  cold 

acetone  or  chloroform,  boiling  alcohol,  hot  water,  benzene,  glacial  acetic 

acid,  isoamyl  acetate  or  isoamyl  alcohol;  apparently  insoluble  in  ether. 

Calculated  for  C^iHgOaN,:  N,  14.00.    Pound:  N,  14.05. 

p-Cyanophthalanilic  Acid,  NC.CeH4.NH.CO.C;|H4.COOH(o-).— 3.1  grams 

phthalic   anhydride    were   dissolved   in   50   cc.    chloroform,   a  solution 

of  2.5  grams  />-aminobenzonitrile  in  25  cc.  chloroform  added,  and  the 

mixture  heated  to  boiling.     Nearly  colorless,   sUky  needles  separated 

from  the  boiling  solution.     On  filtering  out  these  needles  and  boiling 

the  mother  liquor,  another  crop  of  crystals  was  obtained;  and  this  was 
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continued  until  nothing  further  separated  from  the  mother  liquor  on 
boiling.  Total  yield,  5  grams.  The  various  crops  of  crystals  were  com- 
bined and  recrystallized  from  chloroform,  giving  fine  colorless  needles, 
very  easily  soluble  in  alcohol  or  ether;  soluble  in  glacial  acetic  acid,  warm 
acetone,  hot  isoamyl  acetate,  boiling  water,  boiling  benzene  or  toluene; 
and  appreciably  soluble  in  cold  chloroform.  When  heated  sufficiently 
high,  the  substance  loses  water  and  forms  the  anil.  The  melting  point, 
therefore,  varies  with  the  rate  of  heating.  If  pltmged  in  a  bath  at  145^1 
it  melts  at  about  163^,  and  soon  thereafter  the  anil  begins  to  sublime  in 
the  upper  part  of  the  tube. 

Calculated  for  C,|£[,90,N,:  N,  10.53.    Found:  N,  10.73. 

p'CyanophthcUanil,  NC.CeH^.N^         /CeH.,  was  formed,  as  just  stated, 

when  />-cyanophthanilic  acid  was  heated  above  its  melting  point.  The 
following,  however,  was  found  to  be  a  better  method  of  preparation: 
The  anilic  acid  was  added  gradually  to  an  excess  of  acetic  anhydride, 
the  solution  evaporated  to  crystals,  excess  of  anhydride  destroyed  by 
warming  the  crystalHn  mass  with  water,  and  the  crude  product  recrystal- 
lized from  alcohol.  Feathery  clusters  of  colorless  silky  hairs  residted, 
melting  at  187®  (cor.);  readily  soluble  in  glacial  acetic  acid,  benzene, 
toluene,  nitrobenzene,  chloroform,  acetone,  boiling  ethyl  or  isoamyl 
alcohol;  soluble  in  ether  or  isoamyl  acetate;  and  difficultly  soluble  in  hot 
water.     It  sublimes  readily  and  seems  to  be  volatil  with  steam. 

Calculated  for  C^HgO^,:  N,  11.39.    Found:  N,  11.44. 

Formaldehyde  Condensation  Product, — One  gram  />-aniinobenzonitrile 
was  dissolved  in  acetone  and  about  3  cc.  of  aqueous  formaldehyde  solu- 
tion were  added.  As  nothing  precipitated  on  standing,  the  solution  was 
concentrated  and  water  added.  A  syrupy  sticky  mass  settled  out,  over 
which  was  a  layer  of  fine  colorless  needles.  When  the  sticky  mass  was 
boiled  with  water,  practically  all  of  it  dissolved  and,  on  cooling,  more  of 
the  colorless  needles  were  obtained.  These  needles  were  recrystallized 
several  times  from  water,  then  dissolved  in  acetone,  reprecipitated  with 
water,  and  dried  in  a  vacuum.  They  then  melted  at  about  158* 
(uncor.),  and  under  the  microscope  appeared  as  fine  colorless  hairs.  The 
substance  is  easily  soluble  in  acetone,  hot  alcohol  or  boiling  chloroform; 
soluble  in  hot,  but  very  difficultly  soluble  in  cold  water. 

Calculated  for  Cj^Hj^^:  N,  22.58.    Found:  N,  23.21,  22.60. 

This  would  correspond  to  a  methylene  di(/>-cyanophenamine)  of  the 
structure  CHj(NH.C,H,.CN)2. 

Under  similar  conditions,  using  anthranilic  nitrile,  Grube*  obtained 
a  derivative  of  the  type  (CH^  :  N.CaH^.CN),. 

*  Inavg,  Dissert.,  Marburg,  1909. 
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Bromo-p'Ocetaminohenzoniirile,  (4)  CH3CONH.CeH3Br.CN(j) . — p-Kott- 
aminobenzonitrile  was  dissolved  in  warm,  moderately  strong  acetic  add, 
excess  of  bromine  added  gradually,  the  mixture  let  stand  over  night, 
and  excess  of  bromine  then  removed  by  boiling.  The  solution  was  largely 
diluted  with  water  and  the  precipitated  bromo  compound  crystallized 
repeatedly  from  95%  alcohol.  The  compound  crystallizes  in  colorless 
glassy  needles,  occasionally  united  in  rosets,  melting  at  161.5-162.5° 
(cor.),  easily  soluble  in  hot  alcohol,  in  chloroform,  acetone  or  glacial 
acetic  add;  slightly  soluble  in  boiling  ether  or  carbon  tetrachloride; 
difl&cultly  soluble  in  water.  The  location  of  the  bromine  was  not  deter- 
mined. 

Calculated  for  C,H/)N^r:  N,  11.72;  Br,  33.44.     Pound:  N,  11.80;  Br,  33.99. 

3'Nitro-4-acetaminoben2amide,  CHjC0NH.C,H3(N0j)  .CONHj. — ^3-Nitro- 
4-acetaminobenzonitrile  was  heated  for  an  hotu*  or  two  with  an  alkalin 
hydrogen  dioxide  solution  (3%).  A  small  amount  of  acetic  anhy- 
dride was  added,  to  reacetylate  any  nitroaminonitrile  formed,  and  the 
whole  evaporated  to  dryness.  The  residue  was  washed  thoroughly  with 
water  and  crystallized  from  alcohol,  giving  lustrous  yellow  scales.  On 
fiu-ther  recrystallization  from  alcohol,  flat,  yellow,  branching  needles 
were  obtained  instead  of  scales.  These  needles  softened  and  sublimed 
at  about  215°,  finally  melting  at  239.5°  (uncor.)  in  a  sealed  capillary  tube. 

Calculated  for  CJtlfiJ^^:    N,  18.84.    Pound:  N,  18.84. 

The  compound  is  soluble  in  hot,  less  so  in  cold  alcohol;  very  slightly 
soluble  in  boiling  chloroform;  appreciably  soluble  in  boiling  water;  and 
apparently  insoluble  in  cold  water,  cold  chloroform,  boiling  benzene 
or  boiling  ether.  Heated  with  aqueous  potassium  hydroxide,  it  jdelds 
the  nitroaminobenzoic  acid. 

Thieme*  endeavored  to  prepare  this  amide  by  the  action  of  aqueous 
or  of  alcoholic  ammonia  upon  the  nitroacetaminobenzoic  ester,  but  was 
imsuccessful,  the  acetyl  group  being  split  off  each  time. 

3,4-DiacetaminohenzonitrUe,  (CH3CONH)2CeH3.CN. — ^The  diaminonitrile 
was  treated  with  acetic  anhydride  and  the  solution  warmed.  A  colorless 
precipitate  soon  separated.  Water  was  then  added  and  the  mixture 
boiled,  to  destroy  excess  of  acetic  anhydride  and  to  dissolve  the  crude 
acetyl  derivative.  The  solution  was  filtered  hot  and  from  the  filtrate 
on  cooling,  the  acetyl  derivative  crystallized.  It  was  ptwified  by  re- 
peated recrystallization  from  water,  decolorizing  with  bone-black,  and 
then  appeared  as  colorless,  silky  hairs,  soluble  in  glacial  acetic  acid, 
alcohol  or  boiling  water;  difficultly  soluble  in  hot  chloroform  or  in  ben- 
zene; practically  insoluble  in  ether. 

Calculated  for  CnHnO,N,:  N,  19.35.    Found:  N,  19.17. 

The  pure  substance  melts  at  238-238.5°  (uncor.),  and  in  the  neighbor- 

'  /.  prakU  Chem.,  [7]  43,  457  (1891). 
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hood  of  240^  loses  acetic  acid  with  formation  of  the  cyanbenzimidazole. 
If  heated  to  250-60*^,  charring  results. 

/NHv 
Cyano-a'fnethylbenztmida2ole,  NC.C,H,<^        yC.CH,. — ^The  preparation 

of  this  imidazole  was  attempted  by  the  following  methods: 

1.  By  reduction  of  3-nitro-4-acetaminobenzonitrile.  Reduction  with 
statmous  chloride  and  hydrochloric  acid  gave  only  the  diaminobenzo- 
nitrile. 

2.  By  the  action  of  acetic  acid  on  the  diaminobenzonitrile. — 0.53  gram 
of  the  crude  diaminonitrile  was  boiled  for  an  hour  and  three-quarters 
with  a  large  excess  of  glacial  acetic  acid.  The  excess  of  acid  was  then 
partly  removed  by  distillation  and  the  residual  solution  made  alkalin 
with  sodium  carbonate.  A  nearly  colorless  product  separated.  This 
was  collected  with  ether,  in  which  it  dissolves  with  difficulty,  and  the 
ether  then  driven  off.  The  residue  was  purified  by  repeated  crystalliza- 
tion from  water,  and  formed  a  colorless  granular  solid,  melting  at  241^ 
(uncor.) .     Yield,  0.099  gram. 

Calculated  for  C^HtN,:  N,  26.76.     Found:  N,  26.33. 
This  result  is  fairly  good  considering  the  very  small  amount  available 
for  analysis. 

3.  By  the  action  of  heat  on  3,4-diacetaminobenzonitrile. — By  care- 
fully heating  the  diacetaminonitrile,  it  loses  acetic  acid  in  the  vicinity 
of  240°,  as  before  mentioned,  and  from  the  residue  there  was  isolated 
a  substance,  crystallizing  from  water  in  granules  and  melting  at  241^ 
(uncor.). 

Calculated  for  CJHtN,:  C,  68.75;  H,  4.49;  N,  26.76. 
Found :  C,  68. 19 ;  H,  4.63 ;  N,  26.55. 

The  imidazole,  as  prepared  by  the  above  methods,  is  usually  in  dull 

granular  clusters  of  microscopic  crystals,  or  occasionally  in  opaque  needles. 

It  sublimes  as  a  glistening,  tinsel-like  deposit,  and  is  readily  soluble  in 

acetone,  glacial  acetic  acid,  boiling  water  or  amyl  acetate;  moderately 

soluble  in  alcohol ;  difficultly  soluble  in  ether  or  chloroform ;  and  apparently 

insoluble  in  carbon  tetrachloride. 

CarhamidO'OL-methylbemtmidazole,     HjNCO.CeHj^  X^.CHg.  —  As 

Hiibner^  succeeded  in  obtaining  methylbenzimidazole  from  o-nitro- 
acetanilide  by  reduction  with  tin  and  glacial  acetic  acid,  we  tried  the 
same  reducing  agents  on  the  nitroacetaminobenzonitrile,  except  that  we 
found  the  reduction  to  proceed  apparently  more  efficiently  with  a  diluted 
acid  instead  of  the  glacial.  After  heating  for  nine  and  a  quarter  hoiu-s 
with  the  reducing  agents,  the  mixture  was  cooled  and  filtered,  and  the 

>  Afm.,  2og,'353  (1881). 
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red  filtrate  made  slightly  alkalin  with  potassium  hydroxide.  A  small 
amotmt  of  dark  precipitate  separated  and  was  removed.  The  filtrate 
was  treated  carefully  with  acetic  anhydride,  and  a  nearly  colorless  crystal- 
lin  substance  separated,  soluble  in  excess  of  acetic  anhydride.  Recrystal- 
lized  twice  from  water,  after  treatment  with  bone-black,  and  then  twice 
from  alcohol,  it  formed  colorless  needles,  decomposing  at  about  270** 
(uncor.).  Heated  with  concentrated  potassium  hydroxide  solution, 
ammonia  was  evolved. 

Calculated  for  C^ON,:  C,  61.68;  H,  5.18;  N,  24.00. 
Pound:  C,  61.70;  H,  4.53;  N,  3444,  24.57. 

These  results,  although  the  hydrogen  and  nitrogen  figures  are  rather 
wide  of  the  mark,  seem  to  indicate  that  the  substance  is  the  carbamido- 
methylbenzimidazole.  It  is  soluble  in  hot  water,  in  alcohol  or  glacial 
acetic  acid;  and  difficultly  soluble  or  insoluble  in  ether,  chloroform  or 
benzene. 

Nbw  70XX.  N.  y. 
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The  work  described  in  this  paper  was  started  with  the  intention  of 
preparing  some  tetrahalogen  derivatives  of  benzoquinone,  having  both 
bromine  and  iodine  in  the  molecule,  and  studying  the  reactivity  of  the 
diflferent  halogens.^  Data  have  been  collected  along  two  main  lines: 
the  study  of  the  products  of  the  reaction  between  potassium  or  sodium 
iodide  and  bromanil,  and  a  preliminary  study  of  the  hitherto  unknown 
iodanil.  Use  was  made  of  both  potassium  and  sodium  iodide  to  efifect 
the  replacement  of  bromine  by  iodine,  and  both  ethyl  alcohol  and  acetone 
were  used  as  solvents.  Our  use  both  of  sodium  iodide  and  of  acetone 
was  quite  independent  of  the  work  of  Finkelstein,'  and  as  a  matter  of 
fact  antedated  its  publication. 

The  addition  of  solid  potassium  iodide  to  a  cold  acetone  solution  of 
pure  bromanil  resulted  in  the  setting  free  of  iodine,  and  the  formation 
of  a  green  compound,  which  was  rapidly  destroyed  if  the  solution  was 

'  The  work  described  in  this  paper  formed  part  of  a  thesis  presented  to  the  Fkculty 
of  Arts  and  Sciences  of  Harvard  University,  for  the  degree  of  Doctor  of  Philosophy  by 
William  Hammett  Hunter. 

This  research  was  suggested  by  the  late  Professor  H.  A.  Torrey,  and  the  experi- 
mental work  was  carried  on  tmder  his  direction,  but  the  writing  of  the  paper  was  de- 
prived of  the  benefit  of  his  supervision  by  his  too  early  death. — C.  L.  Jackson. 

*  Prel.  notice  in  Ber.^38,  555  (1905). 

■  Ber,,  43,  1528  (1910). 
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'  heated.  This  green  substance  was  due  to  an  independent  reaction  and 
bore  no  relation  to  the  bromoiodoquinones  formed  by  heating  the  mixture, 
except  that  the  reduction  of  a  portion  of  the  quinone  removed  it  from  the 
sphere  of  the  subsequent  action.  When  the  mixture  was  heated,  the 
principal  product  was  brown,  and  melted  at  about  255-6°.  It  gave, 
on  analysis,  numbers  corresponding  closely  with  the  theory  for  a  dibromo- 
diiodoquinone. 

Further  work  after  the  publication  of  the  preliminary  notice  showed 
that  if  large  quantities  were  taken,  the  product  had  a  much  higher  melt- 
mg  pomt.  Crystallization  experiments  on  an  extended  scale  showed 
that  this  was  not  due  to  bromaml,  which  was  absent.  A  fractionation 
led  to  three  fractions,  of  melting  points  276-282®,  255-259**,  256-61**. 
Analyses  of  these  fractions  showed  that  the  first  was  composed  of  nearly 
pure  tetraiodoquinone,  the  precipitate  from  the  Carius  determination 
showing  on  electrolysis  in  potassium  cyanide  that  it  was  practically  pure 
silver  iodide.  The  second  fraction  was  a  mixtiu-e,  probably  of  iodanil, 
dibromodiiodoquinone  and  bromotriiodoquinone,  while  the  third  fraction 
was  almost  ptu-e  dibromodiiodoquinone,  showing  that  not  only  two, 
but  all  of  the  bromine  atoms  of  bromanil  could  be  replaced  by  iodine. 

It  was  found  that  iodanil  could  be  made  the  principal  product  of  the 
reaction  by  heating  first  with  potassium  iodide,  and  next,  with  sodiiun 
iodide  in  alcohol.  Prepared  in  this  way,  iodanil  is  a  very  dark  brown 
substance,  melting  at  284-286°  with  evolution  of  iodine.  Its  color  shows 
the  strong  deepening  effect  exerted  by  the  replacement  of  chlorine  or 
bromine  by  iodine.  It  crystallizes  in  needles,  while  chloranil  and  brom- 
anil crystallize  in  thin  plates,  though  dibromodiiodoquinone  could  be 
made  to  crystallize  either  in  plates  or  needles. 

A  number  of  interesting  derivatives  of  iodanil  were  prepared,  for 
ptuposes  of  comparison  with  bromanil  and  chloranil.  The  reactions 
were  chosen  chiefly  from  some  studied  in  the  Harvard  laboratory  by 
Jackson  and  Grindley.* 

As  a  result  of  the  preparation  of  diiododiphenoxyquinone,  and  the 
diparacresoxy  compounds  from  all  three  quinones,  we  were  able  to  study 
the  influence  of  the  composition  of  these  substances  on  their  melting 
points,  as  shown  in  the  following  table. 

Diplienoocy.  Diporacrefloxy. 

Dichlor 343^     (Jackson  and  Grindley)         354-5** 

Bibrom 366-7*»        "  "  363-3*» 

Diiod 390**  273-4^  (si.  dec.) 

In  each  case,  the  melting  point  of  the  bromine  compound  is  almost  ex- 
actly the  mean  of  the  melting  points  of  the  other  two. 

Other  reactions  studied  were  the  formation  of  hemiacetals  by  soditun 

^  Proc,  Am.  Acad,,  409  (1894). 
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alcoholates  on  the  quinone,  which  also  led  to  the  formation  of  the  very 
interesting  iodoanilic  acid,  and  the  action  of  aniline  on  the  diiododiphen- 
oxy  quinone.  In  the  latter  case  we  found  not  only  a  replacement  of 
phenoxy  by  anilino  groups,  but  of  iodine  by  hydrogen  as  well,  giving 
dianilinoquinone  and  the  monoanil  of  monoiododianilinoquinone.  This 
result  was  not  unexpected,  as  we  had  already  found  that  aniline  on  di- 
bromodiiodoquinone  gave  us  dianilinoquinone  and  probably  monobromo- 
dianilinoquinone.  This  is  a  case  of  the  replacement  of  halogen  by  hydro- 
gen  in  benzene  derivatives,  a  reaction  being  studied  by  Professor  Jackson^ 
who  has  previously  found  many  instances  of  it,  some  of  which  are  noted 
in  the  introduction  to  his  paper  with  Grindley. 

The  study  of  the  derivatives  of  iodanil  has  been  continued  in  this 
laboratory,  and  a  considerable  quantity  of  material  is  now  ready  for 
publication. 

Although  bromotriiodoquinone  was  isolated  from  iodanil  mother 
liquors,  it  is  so  difficult  to  obtain  in  quantity  in  a  pure  state  that  little 
work  could  be  done  on  it.  It  crystallizes  in  short,  brown,  prismatic  needles, 
melting  at  253-4**.  It  gives,  with  sodium  phenolate,  monobromomono- 
iododiphenoxyquinone,  of  melting  point  282-283°,  which  is  identical 
with  the  compound  obtained  before  from  dibromodiiodoquinone  and 
described  as  melting  at  281-282°. 

The  formation  of  the  same  bromoiodoquinone  from  these  two  quinones 
is  certainly  unexpected,  if  the  phenoxy  groups  always  enter  in  the  2,5- 
position,  as  has  been  supposed,  because  it  would  certainly  be  expected 
that  the  iodine  atoms  in  dibromodiiodoquinone  would  be  in  the  2,5- 
position  also.  The  most  probable  explanation  is  that  in  the  early  part 
of  the  work,  while  trying  to  make  some  of  the  diiodo  compoimd,  we 
actually  hit  on  the  triiodo  compound  instead.  This  might  easily  have 
happened,  as  at  that  time  it  was  not  known  that  more  than  two  atoms 
of  bromine  could  be  removed  from  bromanil  by  potassium  iodide,  and 
the  melting  point  of  the  triiodo  compound  is  so  close  to  the  melting 
point  of  dibromodiiodoquinone,  that  it  would  have  been  impossible  to 
distinguish  the  two  by  this  single  property.  If  this  is  not  the  explanation, 
we  are  forced  to  believe  that  the  replacement  of  bromine  by  iodine  takes 
place  on  differently  placed  ring  atoms  than  that  of  halogen  by  the  phenoxy 
groups,  or  that  the  iodine  atoms  are  not  para  to  each  other  in  dibromo- 
diiodoquinone. Either  of  these  suppositions  is  out  of  harmony  with  our 
knowledge  of  quinones  up  to  the  present  time,  so  it  seemed  important  to 
us  to  prepare  a  diphenoxy  derivative  from  undoubted  dibromodiiodo- 
quinone. The  preparation  of  this  compoimd  in  a  pure  state  unfortunately 
succeeded  only  at  the  close  of  our  work  together,  and  as  a  result  we  are 
unable  to  make  any  final  statement  in  regard  to  the  action  of  sodium  phenol- 
ate  on  dibromodiiodoquinone. 
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Dibromodiiodoquinone  is  obtamed  as  a  light  brown  compotmd,  crys- 
tallizing in  needles  if  slowly  cooled  but  in  plates  if  cooled  rapidly.  It 
melts  at  25^259^  in  a  pure  state,  instead  of  at  255-256^,  as  given  in  the 
preliminary  notice. 

The  replacement  of  bromine  by  iodine  is  not  the  only  effect  of  potas- 
sium iodide  on  bromanil.  It  has  already  been  mentioned  that  on  mix- 
ing the  solid,  finely  ground  potassitmi  iodide  with  the  bromanil  in  ace- 
tone, a  green  substance  was  formed,  if  the  solution  was  cold.  Chloranil 
gave  an  identical  action,  and  soditun  iodide  in  acetone  readily  gave  pre- 
cipitates with  chloranil,  bromanil,  tetrabromo-o-quinone,  and  tetrachloro- 
o-quinone.  The  potassium  derivative  from  chloranil  and  the  sodium 
derivatives  from  chloranil  and  tetrabromo-o-quinone  were  analyzed, 
and  indicated  that  they  were  the  alkali  salts  of  the  unknown  octo- 
halogen  quinhydrones.  This  result  [was  confirmed  by  the  action  of 
dilute  sulfuric  add  on  the  sodium  salt  from  chloranil,  which  gave  chlor- 
anil and  tetrachlorohydroquinone.  We  actually  had,  therefore,  salts 
analogous  to  those  of  known  quinhydrones  described  by  Jackson  and 
Oenslager.* 

The  question  as  to  why  the  salts  of  these  quinhydrones  should  be  stable, 
when  the  free  quinhydrones  are  unknown,  is  an  interesting  one.  Ling 
and  Baker'  fotmd  that  they  could  get  a  hexachloroquinhydrone,  but 
not  an  octochloro  compound,  and  decided  that  the  stability  is  in  inverse 
proportion  to  the  number  of  halogen  atoms,  but  that  this  cannot  be  the 
only  condition  influencing  stability  is  shown  by  the  existence  of  our 
salts.  Hardenbergh'  and  one  of  us  found  that  quinhydrone  and  pheno- 
quinone  are  dissociated  in  solution  in  accordance  with  the  reversible 
equation 

CHA  +  C,H,(OH),  ±1^  (;ha.c,h,(oh),. 

Ling  and  Baker  point  out  that  the  lower  halogenated  quinhydrones  are 
insoluble  in  cold  alcohol,  while  the  higher  members  are  soluble.  It  would 
seem,  then,  that  the  question  of  the  formation  or  non-formation  of  a 
given  quinhydrone  may  be  a  function  of  the  solubility  of  its  factors  and 
of  the  compound  itself.  Just  as  Hardenbergh  and  one  of  us  were  able 
to  throw  out  quinhydrone*  from  solutions  by  addition  of  either  factor, 
so  addition  of  a  great  excess  of  a  factor  might  throw  out  a  quinhydrone 
which  did  not  precipitate  on  the  usual  mixing  of  equal  molecules.  The 
octochloroquinhydrone  shotdd  be  fairly  soluble,  while  chloranil  and 
tetrachlorohydroquinone  are  not  very  soluble,  and  this  is  probably  why 
Ling  and  Baker  could  not  obtain  the  quinhydrone.    So  the  stability  of 

*  Am.  Ch$m.  J.,  zS,  4  (1896). 

*  /.  Chem.  Soc.,  63,  1314  (1893). 

*  Am.  Chem.  J.,  33,  167  (1905). 
^  Loc.  cU. 
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the  halogenated  quinhydrones  may  be  considered  to  depend  on  the  num- 
ber of  halogens  present  only  as  this  affects  the  solubility  of  the  factors 
and  of  the  quinhydrone  itself. 

For  instance,  in  the  present  case,  the  green  salt  is  so  insoluble  that  the 
solutions  of  chloranil  and  iodide  need  only  be  mixed  to  cause  the  pre- 
cipitation, but  a  far  greater  yield  is  obtained  with  the  more  soluble  so- 
dium iodide  than  with  potassitun  iodide. 

The  relation  between  the  reduction  reaction  and  the  substitution 
reaction  is  also  interesting.  The  reduction  reaction,  best  shown  by  chlor- 
anil, is  a  balanced  one: 

CeClA  +  2NaI  ^  Cea,(0Na)2  +  I^ 

At  low  temperatures,  the  equilibrium  is  far  to  the  right,  on  accoimt  of 
the  precipitation  of  green  salt,  but  at  high  temperatures  the  dissociation 
of  the  quinhydrone  salt  and  the  oxidizing  effect  of  the  iodine  increase 
together,  driving  it  back  to  the  quinone,  which  then  reacts  with  the  so- 
diimi  iodide  to  substitute  iodine  for  chlorine  or  bromine.  A  complete 
picture  of  the  equilibria  in  the  reduction  is  then  given  by  the  scheme 

CeClA 
4- 
CeClA  +  2NaI  ^I^  CeCl,(0Na)2  +  I^. 


n 


.   CeClA.CeCl,(ONa), 

That  the  reactions  are  independent  is  shown  by  two  facts.  Cold, 
95%  alcohol  as  solvent  does  not  lead  to  the  formation  of  green  salt,  but 
on  standing  months,  gives  the  substitution  reaction.  This  shows  the 
effect  of  non-formation  of  green  salt  in  allowing  the  other  reaction  to 
occur.  The  other  point  showing  the  independence  of  the  reactions  is 
that  in  a  regular  preparation  of  iodoquinones,  the  iodine  set  free  accounted 
for  all  the  bromanil  which  did  not  appear  as  iodoquinones,  showing 
that  the  formation  of  the  iodoquinones  is  not  connected  with  the  forma- 
tion of  green  salt,  which  is  a  secondary  reaction,  in  consequence  of  the 
reduction  of  part  of  the  quinone. 

Experimental  Part. 

Bromanil  was  prepared  by  a  modification  of  the  method  of  Ling:^ 
20  grams  of  hydroquinone  were  suspended  in  glacial  acetic  acid,  and 
175  grams  of  bromine  (6  mol.)  were  added.  After  standing  over  night, 
an  equal  volume  of  water  and  some  concentrated  nitric  acid  were  added 
and  the  mixture  heated  on  the  steam  bath  till  bromine  was  no  longer 
evolved.  The  nitric  acid  liberates  bromine  from  the  hydrobromic  acid 
present,    and   a   more   complete   bromination   occurs.      The   bromani} 

*  /.  Chem.  Soc.,  6x,  568  (1892). 
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was  crystallized  from  glacial  acetic  acid,  and  a  product  melting  at  290° 
or  over  was  used  for  our  work.  Pure  bromanil  melts  at  300***  and  it 
was  shown  by  analysis  that  about  2.5%  of  tribromoquinone  lowered 
the  melting  point  ^bout  25^. 

Action  of  Potassium  Bromide  in  Hot  Alcohol  on  Bromanil, — Twenty 
grams  of  bromanil  were  heated  two  hotu^  with  20  grams  finely  grotmd 
potassium  iodide  in  alcohol,  under  a  reflux  condenser.  The  product  was 
fractionated,  using  ethyl  acetate  as  solvent.  Three  fractions  resulted, 
of  the  following  melting  points  and  composition : 

(A)  Most  insoluble.     Melting  point,  276-282®. 

Calculated  for  CJ4O,:  I,  83.00.    Found:  83.90,  83.78. 
The  precipitate  from  the  second  analysis  on  electrolysis  gave :  Ag  =  46.08%. 
Agl  requires  45-95%  Ag. 

(B)  Melting  point,  254-6°.     Calculated  precipitate  as  AgBrAgl. 

Calculated  for  Cfit^O^:  Br  +  I  -  79.92.    Found:  78.65,  78.13. 
Calculated  precipitate  as  AgBrjAgl. 

Calculated  for  C^rl,0,:  Br  +  I  -  81.58.    Found:  83.00,  82.55. 

(C)  Most  soluble  fraction.     Melting  point,  255-9®. 

Calculated  for  C«BrJ,Oa:  Br  +  I  —  79.92.    Pound:  80.23,  80.24. 

From  these  data  it  is  obvious  that  instead  of  dibromodiiodoquinone 
only,  as  stated  in  the  prelimmary  paper,  potassium  bromide  gives  with 
bromanil  bromotriiodoquinone  and  iodanil  as  well.  Methods  were 
found  for  isolation  of  all  three,  as  follows: 

Dibromodiiodoquinone. — ^This  was  found  to  be  the  principal  product, 
in  the  following  conditions : 

Ten  grams  of  bromanil  and  7.8  grams  of  potassium  iodide  (2  mol.) 
were  heated  two  hdiu-s  tmder  a  reflux  condenser  with  100  cc.  of  alcohol. 
The  reaction  mixttu-e  was  then  potu-ed  into  water,  filtered,  and  the  brown 
precipitate  washed  with  water  and  alcohol.  Careful  crystallization 
from  ethyl  acetate  gave  a  substance  of  melting  point  constant  at  258-59°, 
with  slight  sublimation.    Analyzed  for  halogen. 

Calculated  for  C;BrJ,0,:  Br  +  I-  79.92.«    Found:  80.49. 
This  checks  with  the  results  in  the  preliminary  notice;  found:  79.79, 
79.76. 

One  of  these  precipitates  had  been  analyzed  for  silver  by  the  method 
of  Mansel,'  solution  in  thiosulfate,  and  precipitation  by  ammonium 
sulfide. 

Calculated  for  AgBrAgl :  Ag,  5  x  .30.    Found :  5 1 .09 . 

^  Graebe  and  Wettner,  Ann,,  263,  33  (1891). 

*  Calculations  of  these  analyses  were  made  by  separate  calculations  for  each 
possible  ratio  of  bromine  and  iodine.  This  led  to  better* results  than  the  "indirect" 
method,  which  led  in  the  case  mentioned  above  to  wide  variations  from  the  thecMretical, 
though  the  silver  determination  checks  the  composition  fairly  closely. 

'  Z.  anal,  Chem,,  9,  308  (1870). 
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Analysis   for   carbon   and   hydrogen.    Silver   spirals   and    "molecular" 

silver  were  necessary  to  hold  back  iodine. 

Calculated  for  C^Br^O,:   C,  13.91;  H,  0.0. 
Found;  (I)  C,  13.95;  H,  0.15. 

(II)  C,  14.25;  H,  0.30. 

Dibromodiiodoquinone  is  a  reddish  brown  substance,  melting  at 
258-9®.  It  crystallizes  from  ethyl  acetate  in  plates  on  rapid  cooling, 
and  in  deep  red  brown  prismatic  needles  on  cooling  slowly.  It  is  more 
soluble  than  iodanil,  but  less  than  bromanil,  in  all  other  solvents.  It 
is  soluble  in  ethyl  acetate,  benzene,  acetone,  glacial  acetic  acid,  less  solu- 
ble in  alcohol,  chloroform,  ether,  and  ligroin.  Reduction  by  sulfvu"  dioxide 
in  acetone  and  water  gave  a  colorless  substance,  melting,  crude,  at  243— 
244°.  The  quinone  is  unaffected  by  acids,  but  readily  decomposed  by 
alkalies. 

Bromotriiodoquinone. — In  the  mother  liquors  from  the  preparation 
of  iodanil,  there  was  obtained  a  quinone  of  constant  melting  point 
253-254°,  which  was  at  first  supposed  to  be  dibromotriiodoquinone. 
It  proved,  on  analysis,  to  be  bromotriiodoquinone.  CaBrljO,  requires 
Br  H-  I  =  81.58%.     Found:  81.44,  81.24. 

It  crystallizes  in  rather  short,  broad,  prismatic  crystals,  rich  brown 
in  color,  intermediate  in  solubilities  between  iodanil  and  dibromodiiodo- 
quinone. It  melts  within  less  than  a  degree.  Sodium  phenylate  reacts 
with  it  to  form  bromoiododiphenoxyquinone. 

Iodanil,  —  Fifteen  grams  of  powdered  bromanil  were  treated  with 
1 1.7  grams  (2  mol.)  of  potassium  iodide  in  150  cc.  of  alcohol.  The  yield 
was  poor  if  larger  amounts  were  used.  The  mixttu'e  was  heated  two 
hotu-s  on  the  steam  bath  with  a  reflux  condenser,  and  cooled  rapidly, 
filtered  with  suction,  and  the  red  brown  substance  filtered  with  suction 
and  washed  with  alcohol  and  water.  It  was  then  replaced  in  the  flask 
with  10.6  grams  (2  mol.)  of  sodium  iodide  and  150  cc.  of  alcohol,  and 
heated  two  hotu-s  more.  The  substance  rapidly  became  dark  brown. 
It  was  isolated  by  filtration  and  washing  free  of  iodine,  and  recrystallized 
from  ethyl  acetate  till  it  showed  the  constant  melting  point  282-284**. 
It  is  a  slow  process  to  raise  the  melting  point  above  270®,  apparently 
because  of  formation  of  mixed  crystals.  Sodium  iodide  must  be  used 
in  the  second  part  of  the  heating,  as  potassium  iodide  leads  to  the  forma- 
tion of  a  purple  compound  containing  potassium,  which  is  not  further 
acted  on. 

Iodanil  crystallizes  in  small  chocolate  colored  needles,  melting  at 
282-284®  with  evolution  of  iodine.  It  is  slightly  soluble  in  benzene, 
glacial  acetic  acid,  acetone  and  cold  ethyl  acetate,  fairly  soluble  in  hot 
ethyl  acetate;  practically  insoluble  in  the  other  common  solvents.  Acids 
have  no  action,  but  alkalies  evidently  produce  a  deep  seated  change. 
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Derivatiyes  of  Dibromodiiodoquinone. 

Action  of  Amines. — An  addition  product  with  diphenylainine  of  the 
type  studied  in  this  laboratory  by  Jackson  and  Clarke^  was  prepared 
as  follows:  A  large  excess  of  diphenylamine  was  dissolved  in  ligroin 
and  powdered  dibromodiiodoquinone,  which  is  only  slightly  soluble  in 
ligroin,  was  allowed  to  stand  in  this  solution  until  it  had  all  become  con- 
verted into  the  fine  ptuplish  black  needle-like  crystals  of  the  addition 
product,  which  was  filtered  off  and  washed  with  a  little  ligroin.  It  re- 
sembled in  every  way  the  compounds  described  by  Jackson  and  Clarke, 
and  so  proved  the  quinone  nature  of  otu:  compound.  It  melted  over  a 
wide  range  of  temperattu-es,  according  to  the  speed  of  heating,  and  was 
decomposed  by  most  solvents,  leaving  the  quinone.  The  dry  substance 
gave  a  green  powder  on  grinding.  It  was  placed  in  a  desiccator  over 
hard  parafSn  until  analyzed. 

Calculated  for  CeBrJ,Oa.(CcHft)sNH:  Br  +  I  -  60.33.     Found:  60.31. 

Action  of  Potassium  P/ieno/o/e.— Bromoiododiphenoxyquinone  was 
prepared  by  treating  1.5  grams  of  the  powdered  dibromodiiodo  quinone 
with  a  solution  of  0.3  gram  caustic  potash  and  0.6  gram  phenol  ( «  2 
mol.  potassium  phenolate),  and  heating  two  hours  on  the  steam  bath 
with  a  reflux  condenser.  A  salmon  colored  substance  resulted,  which 
was  filtered  off,  and  washed  well  with  water.  Both  bromine  and  iodine 
salts  were  found  in  the  filtrate.  It  was  cr}'stallized  from  toluene  till 
it  showed  a  constant  melting  point,  281-282°.  (This  melting  point 
was  raised  to  282-283®  when  the  substance  was  prepared  from  bromo- 
triiodoquinone.)  In  the  mother  liquors  was  found  a  small  amount  of  a 
red  substance,  melting  at  227-231°  after  two  crystallizations,  which  was 
probably  the  tetraphenoxyquinone  described  by  Jackson  and  Grindley, 
who  give  the  melting  point  as  229-230°.  The  diphenoxy  compound  was 
analyzed  for  halogen. 

Calculated  for  CeSrI(OC^0A:  Br  +  I  >-  41.62.    Pound:  41.62,  42.16. 

The  substance  was  shown  to  contain  both  bromine  and  iodine  by  de- 
composition with  strong  caustic  soda,  and  application  of  the  usual  tests. 
It  melts  at  282-283°,  with  sintering  just  before  melting.  It  is  soluble 
in  ethyl  acetate,  benzene,  and  toluene,  the  last  being  an  excellent  crystal- 
lizing medium  for  it.  It  is  somewhat  soluble  in  alcohol,  ether,  and  acetone, 
almost  insoluble  in  ligroin.  Acids  are  without  effect,  but  alkalies  de- 
compose it,  first  splitting  off  the  phenoxy  groups. 

Action  of  Aniline. — Some  dibromodiiodoquinone  was  dissolved  in  toluene, 
a  large  excess  of  aniline  added,  and  the  mixture  boiled  for  an  hour  under 
a  reflux  condenser.  The  solution  turned  brown,  a  thick  precipitate 
appeared  and,  on  cooling,  the  liquid  almost  solidified.  Crystallization 
from  toluene  separated  the  precipitate  formed  into  two  compounds, 

»  Am,  Chem.  J.,  34,  441  (1905). 
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a  plum  colored  and  a  yellow  substance.  The  plum  colored  compound 
is  almost  insoluble  in  toluene  and  was  identified  as  dianilinoquinone 
by  crystallization  from  hot  nitrobenzene,  analysis,  and  by  comparison 
with  a  known  sample,  made  by  the  method  of  A.  W.  Hofmann.^ 

Calculated  for  Cjai^(KHC^^)fi^:  N,  9.66.  Found:  9.28,  9.37. 
The  yellow  compoimd  crystallized  from  toluene  abundantly,  in  the  form 
of  fine  yellow  needles.  It  was  recrystallized  several  times,  but  as  it  did 
not  melt  at  300**,  it  was  hard  to  decide  as  to  its  purity.  Three  diflFerent 
samples  gave  var3ring  halogen  contents,  and  but  one  nitrogen  determina- 
tion had  been  made  when  it  became  necessary  to  end  the  work. 

Calculated  for  CJHBrCNHCeHJA:  Br,  21.66;  N,  7.61. 

Pound:  Br,  19.18,  23.90,  21.89;  N,  7.69. 

There  was  no  iodine  in  the  precipitate  from  the  first  halogen  analysis. 

It  seems  safe,  therefore,  to  consider  that  the  substance  formed  was  bromo- 

dianilinoquinone. 

The  Action  of  Potassium  Pkenolate  on  Bromotriiodoquinone. — One  and 

one-half  grams  of  pure  substance  were  heated  an  hour  and  a  quarter 

with  a  solution  of  two  molecules  of  potassium  phenylate.     The  diphenoxy 

compound  resulting  was  then  filtered,  washed,  and  crystallized  from 

toluene,  when  it  showed  the  constant  melting  point  282-283°,  hence, 

was  the  bromoiododiphenoxyquinone  described  before,  as  the  dibrom 

compound  melts  at  266-267°,  and  the  diiodo  compound  at  290°. 

Derivatives  of  lodanii. 

Action  of  Phenolates. — ^Two  and  one-half  grams  of  iodanil  were  treated 
with  a  little  over  two  molecules  of  sodium  phenolate,  dissolved  in  25-30 
cc.  of  water,  and  the  mixture  heated  an  hour  on  the  steam  bath.  The 
salmon  colored  precipitate  formed  was  washed  with  water,  then  with 
alcohol,  and  dried.  After  crystallization  from  toluene  it  reached  the 
constant  melting  point  290°. 

Calculated  for  C«I,(OCaHs),0,:  I,  46.67.     Pound:  46.42. 
The  precipitate  gave  a  negligible  extract  on  three  days'  treatment  with 
strong  ammonia. 

The  diiododiphenoxyquinone  resembles  the  other  diphenoxy  compotmds 
in  color  and  solubilities.  It  differs  in  its  reactivity  to  sodium  hydroxide, 
as  it  does  not  give  iodanilic  acid  on  warming,  but  instead,  ether  extracts 
from  the  filtered  and  acidified  solution  give  a  yellow  compound,  which 
may,  perhaps,  be  the  mono  ether.     It  was  not  investigated. 

The  Action  of  Cresolates. — It  was  thought  worth  while  to  try  the  action 
of  the  different  cresolates  on  iodanil,  and  their  action  was  tried  on  brom- 
anil  and  chloranil  also.  o-Cresolates  were  found  to  give  much 
black  tar;  the  m  compounds  were  more  like  the  phenolates,  though  a 
compotmd  was  isolated  only  from  bromanil.    The  />-cresolate  worked 

^Jsb.  (1863),  413. 
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very  smoothly,  in  the  same  mamier  as  the  phenolate.  The  cause  of  the 
difference  may  be  that  the  methyl  groups  are  attacked  in  some  way  by 
the  quinone,  leading  to  the  formation  of  the  tarry  products.  The  method 
used  was  identical,  with  that  for  the  phenolates,  save  that  where  tar  was 
formed,  it  was  removed  with  alcohol,  in  which  the  cresoxy  compotmds 
are  not  very  soluble. 

Dibromodi-m-cresoxyqutnone. — Fine,  salmon  red  needles  from  benzene- 
ligroin.     Melting  point  constant  at  193°. 

Calculated  for  C,Br,(0CeH40CH,),0,:  Br,  33.46.    Found:  33.8. 

Much  more  soluble  in  all  solvents  than  the  diphenoxy  compounds. 

Dibromodi'p^cresoxyqtUnone. — Salmon  colored  needles  from  toluene, 
melting  at  254®  with  decomposition  on  slow  heating,  at  262-263®  with 
decomposition  on  rapid  heating. 

Calculated:  Br,  3346.    Pcnind:  33.07. 

Dichlorodi-p'Cresoxyquinone. — It  was  necessary  here  to  moisten  the 
chloranil  with  dilute  acetone  before  adding  the  cresolate  solution,  which 
was  made  up  with  i  :  2  caustic  potash,  and  only  five  minutes*  heating 
was  necessary.     Melting  point  from  toluene,  254-5®,  with  rapid  heating. 

Calculated  for  CaCl,(OC«H4CH,),0,'  ^>  18.11.    Pound:  18.33. 

Diiododiparacresoxyquinone. — Heated  one  hour,  concentrated  cresolate 
solution.  Melting  point  became  constant  at  272-274®,  with  blackening 
at  269®,  and  evolution  of  iodine. 

Calculated:  I,  44.38.    Found:  44.89. 

Sodium  Alcoholates  on  Diiododiphenoxyquinone,  Duododiethoxyquinone- 
diethylhemiacetal. — One  and  four-tenths  grams  of  diiododiphenoxyquinone 
were  treated  with  a  little  over  foiu"  atoms  of  sodium  dissolved  in  20  cc. 
of  absolute  alcohol.  The  reaction  started  immediately,  and  was  allowed 
to  continue  with  stirring  and  breaking  up  of  the  diphenoxy  compound, 
until  all  the  red  color  of  the  latter  had  disappeared.  There  was  then 
present  a  white  precipitate  of  the  sodium  salt  of  the  hemiacetal,  as  was 
found  by  Jackson  and  Grindley  in  their  work.**  This  was  not  isolated, 
but  dissolved  by  adding  the  requisit  water.  The  filtered  solution  was 
then  acidified  with  dilute  sulfuric  acid  and  the  white  granular  precipitate 
of  the  hemiacetal  was  filtered,  washed  well  with  water  till  the  wash- 
waters  were  colorless,  then  dissolved  in  dilute  caustic  soda  and  reprecipi- 
tated,  filtered  and  washed.  This  alternate  precipitation  and  solution 
was  continued  until  the  precipitate  collected  was  white.  Much  iodanilic 
acid  was  formed  from  the  hemiacetal  during  this  purification,  as  was 
shown  by  the  purple  color  of  the  solutions  and  wash  waters,  and  a  con- 
siderable amount  of  it  was  recovered  from  the  wash  waters.  The  hemi- 
acetal was  pure  white,  as  viewed  in  the  dear  liquid,  but  when  collected, 

^  Pfoc,  Am,  Acad.,  39,  432  (1894). 
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it  was  faintly  yellow.  It  was  air  dried,  brought  to  constant  weight  in 
vacuo,  and  analyzed. 

Calculated  for  0.1,(00^ J,(OH,OC,H J,:  I,  47.01.    Found:  46.81  per  cent. 

It  was  possible  to  obtain  this  hemiacetal  in  minute  crystals  by  evapora- 
tion of  its  solutions.  No  other  member  of  the  class  has  been  obtained 
in  crystallin  form.  It  is  somewhat  soluble  in  cold  alcohol,  less  in  the 
other  ordinary  solvents.  It  forms  a  red  compound,  presumably  diiodo- 
diethoxyquinone,  on  heating  with  hydrochloric  acid  on  the  steam  bath, 
and  also  on  heating  the  dry  hemiacetal  in  a  melting  point  tube  to  140®. 

Diiodadimethoxyguinonedimethylhemiiicetal. — One  and  one-half  grams 
of  diiododiphenoxyquinone  were  treated  with  a  little  over  four  atoms  of 
sodium,  dissolved  in  25  cc.  of  absolute  methyl  alcohol.  No  sodium  salt 
was  precipitated.  The  purification  was  identical  with  that  of  the  ethyl 
compound. 

Calculated  for  CeI,(OCHg),(OH,  OCH^,:  I,  53.45.    Found:  52.46. 

This  hemiacetal  was  almost  pure  white.  It  was  somewhat  soluble  in  all 
the  ordinary  solvents,  but  did  not  crystallize.  It  lost  two  molecules  of 
alcohol  imder  the  same  conditions  as  did  the  ethyl  derivative.  It  was 
found  that  the  sodiimi  salt  could  be  made  from  iodanil  as  easily  as  from 
diiododiphenoxyquinone,  by  the  direct  action  of  sodium  methylate. 

lodanUic  Acid. — This  could  not  be  formed  as  the  corresponding  chlorine 
and  bromine  compotmds  by  the  direct  action  of  alkalies  on  the  quinone 
or  on  the  diphenoxy  derivative.  Three  grams  of  crude  iodanil  were 
treated  with  an  excess  of  sodium  methylate  solution.  The  quinone  dis- 
solved. The  hemiacetal  was  isolated  as  before,  and  dissolved  in  con- 
siderable N  caustic  soda.  This  solution  was  heated  till  It  just  com- 
menced to  boil  when  it  ttimed  the  color  so  characteristic  of  the  alkali 
salts  of  the  **anilic"  acids.  It  was  allowed  to  cool,  and  the  perfectly 
clear  solution  was  acidified  with  dilute  sulfuric  acid,  causing  a  copious 
precipitate  of  iodanilic  acid.  About  one  or  two  cc.  of  concentrated 
sulfuric  acid  were  then  added  to  complete  the  precipitation,  whereupon 
the  solution  turned  yellow  in  a  very  characteristic  manner.  The  filtered 
precipitate  was  washed  till  the  wash  water  commenced  to  run  through 
piUT)le,  showing  the  almost  complete  absence  of  sulfuric  acid.  Nine- 
tenths  gram  of  air-dried  acid  was  obtained.  It  was  piuified  by  crystal- 
lization from  benzene,  whence  it  was  deposited  in  hard  transparent  red 
needle-like  crystals,  becoming  opaque  in  the  air.     Dried  at  100®. 

Calculated  for  CeI,(OH),0,:  I,  64.78.     Found:  65.04. 

Part  of  the  crude  acid  was  less  soluble  in  benzene,  and  proved  to  be 
a  yellow  compound,  slightly  soluble  in  water,  readily  in  alkalies.  It 
was,  perhaps,  the  hemiether  of  iodanilic  acid,  for  it  resembled  the  yellow 
substance  obtained  as  one  product  of  the  action  of  alkali  on  diiododi- 
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phenoxyquinone.  It  is  hoped  that  the  study  of  these  compounds  will 
be  continued  in  this  laboratory. 

Properties  of  lodanilic  Acid. — It  dissolves  in  water  with  the  same  purple 
color  as  chloranilic  and  bromanilic  acids.  Strong  sulfuric  acid  pre- 
cipitates it  from  concentrated  aqueous  solution  in  yellow  red  feathery 
crystals,  while  dilute  acids  throw  down  a  reddish  precipitate.  The  two 
precipitates  probably  differ  in  content  of  water,  as  the  chloranilic  and 
bromanilic  acids  precipitate  in  hydrated  form.  lodanilic  acid  dissolves 
in  benzene  with  a  yellow  red  color,  presumably  corresponding  to  the 
anhydrous  state.  It  commences  to  decompose  at  about  205®,  giving 
off  iodine. 

The  Action  of  Aniline  on  Diiododiphenoxyquinone. — ^Two  grams  of  the 
diphenoxy  compound  were  warmed  on  the  steam  bath  with  10  cc.  of 
aniline  for  a  few  minutes,  when  the  color  of  the  diphenoxy  compound 
disappeared.  The  mixtiu'e  was  cooled  and  freed  from  aniline  by  dilute 
sulftmc  acid,  when  the  gray  brown  amorphous  mass  was  washed  with 
water  till  the  acid  reaction  disappeared  from  the  wash  waters.  The 
product  was  then  dried  and  treated  with  hot  toluene.  This  separated 
it  into  two  compounds,  a  purple  and  a  yellow  substance. 

I.  Dianilinoquinone, — ^The  part  almost  insoluble  in  hot  toluene  was 
expected  to  be  dianilinoquinone,  after  our  experience  with  the  dibromo- 
diiodoquinone,  so  it  was  dissolved  in  hot  nitrobenzene  and  filtered  with 
suction.  We  obtained  partly  on  the  filter  and  partly  in  the  filtrate 
the  familiar  purple  plates  of  dianilinoquinone.  The  substance  on  the 
filter  seemed  a  little  brighter,  so  it  was  washed  well  with  alcohol,  dried, 
and  analyzed  for  nitrogen. 

Calculated  for  CJi^^SHC^^fi^i  N,  9.65.    Pound:  9.91. 
It  gave  with  sulfuric  acid  the  same  red  purple  color  shown  by  a  known 
sample. 

II.  The  Yellow  Compound, — ^This  was  aystallized  from  boiling  alcohol, 
each  time  a  very  small  amount  of  a  brownish  substance,  insoluble  in  cold 
alcohol,  being  left  undissolved,  although  all  the  material  present  had 
been  in  clear  solution  in  the  alcoholic  filtrate  just  before  cooling.  After 
several  crystallizations,  it  was  dried  and  analyzed. 

NC,H, 

h/\nhc,h. 

Calculated  for  R     I  :  I,  25.84.     Found:  25.61. 

CJH,NHl 


V 


This  analysis  showed  that  by  using  tmdiluted  aniline  on  the  diphenoxy 
compound,  instead  of  the  toluene  solution  used  in  the  case  of  the  dibromo- 
diiodoquinone,  a  monoanil  had  been  formed  instead  of  the  expected 
monoiododianilinoquinone.  As  the  time  at  our  disposal  did  not  allow 
of  the  manufacture  of  another  sample  for  a  determination  of  carbon  and 
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hydrogen,  the  following  experiment  was  performed  as  a  check.  A  little 
of  the  substance  was  boiled  about  three  minutes  with  dilute  hydrochloric 
acid,  as  this  reagent  has  no  efifect  on  anilino  groups,  but  decomposes 
anils,  setting  free  aniline.  The  solution  was  filtered,  and  from  the  filtrate 
was  obtained  the  isonitrile  reaction,  which  was  regarded  as  proof  of  the 
presence  of  aniline,  and  hence  of  an  anil  grouping  in  the  original  substance. 
In  this  connection  also  is  to  be  noted  the  formation  of  an  insoluble  sub- 
stance  in  small  amount  on  each  boiling  of  the  compound  with  alcohol. 
This  was  presumably  due  to  the  splitting  off  of  the  anil  grouping  by  boil- 
ing with  alcohol,  giving  the  monoiododianilinoquinone,  which  would 
probably  be  insoluble  in  cold  alcohol,  as  was  the  corresponding  bromine 
derivative. 

The  monoiododianilinoquinonemonoanil  crystallizes  from  alcohol  in 
fine  dark  needles,  a  deep  yellow  brown,  usually  grouped  in  clusters.  It 
decomposes  at  about  225^,  with  ftunes  of  iodine,  and  the  resulting  residue 
is  not  melted  at  300°.  Readily  soluble  in  chloroform  or  hot  alcohol, 
only  slightly  in  acetone  or  cold  alcohol,  almost  insoluble  in  ether  or  ligroin. 
It  gives  a  full  ptuple  with  strong  sulftuic  acid. 

The  Action  of  Cold  Iodides  on  the  Tetrahalogen  Quinones. 

ChloraniL  and  Potassium  Iodide.  —  To  a  sattu'ated  solution  of  pure 
chloranil  in  dry  cold  acetone  was  added  solid  potassium  iodide  in  the 
form  of  good  sized  crystals,  when  the  green  precipitate  appeared  immedi- 
ately, accompanied  by  the  color  of  free  iodine,  the  presence  of  which 
was  readily  shown  by  the  starch  test.  After  a  short  time  the  solution  was 
gently  shaken,  and  the  liquid  with  the  light  precipitate  suspended  was 
poured  off  upon  a  Biichner  funnel,  when,  after  washing  with  more  acetone 
and  allowing  it  to  dry,  it  was  found  to  be  grass  green,  and  under  the 
microscope  it  showed  needles.  It  was  realized  that  the  addition  of  solid 
potassium  iodide  was  tmdesirable,  but  it  was  considered  unavoidable, 
as  mixing  the  sattu'ated  solutions  gave  only  a  minimum  precipitate, 
and  the  analyses  show  that  by  the  method  of  floating  the  light  precipitate 
away  from  the  heavy  potassium  iodide,  a  clean  separation  is  really  effected, 
The  precipitate  was  dried  in  vactu). 

Calculated  for  CsCip^CQ^COK),:  a,  49.74;  K,  13.74. 
Found:  CI,  49.36;  K,  13.62. 

The  salt  forms  grass  green  needles,  which  dissolve  in  acetone  to  a  brown- 
ish solution;  it  is  slightly  soluble  in  ethyl  acetate,  benzene,  or  toluene. 
On  heating,  it  does  not  melt,  but  gives  off  a  yellow  sublimate,  probably 
chloranil,  and  leaves  a  black  residue.  It  dissolves  in  dilute  caustic 
potash  to  form  a  green  solution,  which  decomposes  on  warming.  Piu^ 
water  hydrolyzes  the  compound  fairly  rapidly,  and  when  allowed  to  stand 
with-it  a  long  while,  it  gradually  becomes  converted  into  a  white  amor- 
phous compound,  containing  no  potassium.    This  was  filtered,  washed 
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and  dried.  Two  different  specimens  were  analyzed  for  chlorine,  giving 
numbers  close  to  the  theory  for  a  hemiether,  but  no  ftu'ther  work  was 
done  on  this  substance. 

Calculated  for  CeCl«(OH)-o-C,Cl,Oa:  d,  54.29.    Pound:  54.10,  5448. 

ChlorarUl  and  Sodium  Iodide.  —  This  iodide,  being  readily  soluble  in 
acetone,  gives  the  green  salt  readily  on  mixing  saturated  solutions  of  the 
two  compounds.  Care  was  necessary  that  the  acetone  solutions  should 
be  dry  and  distinctly  cold  to  the  touch.  The  copious  precipitate  was 
filtered  with  suction,  washed  with  acetone,  and  dried  in  v<icuo  for  analysis. 

Calculated  for  C,Cl40,.CeCl4(ONa)a:  Na,  843.    Pound:  8.57. 

The  salt  is  blue  green.  Otherwise  it  corresponds  in  properties  to  the 
potassium  compotmd.  Dilute  sulftuic  add  gave  a  whitish  precipitate, 
which  was  extracted  with  alcohol.  From  the  alcohol  were  obtained 
long  needles,  melting  at  231-233°,  without  recrystallization,  therefore, 
tetrachlorohydroquinone,  the  melting  point  of  which  is  234°.  It  was 
readily  oxidized  by  nitric  acid  to  chloranil,  shown  by  oystallizatipn  from 
acetone  in  the  characteristic  lemon  yellow  plates,  which  sublimed  without 
decomposition,  and  melted  in  a  closed  tube  at  280-282°,  chloranil  melt- 
ing imder  those  conditions  at  290°.  There  were  also  obtained  from  the 
portion  insoluble  in  the  alcohol,  by  crystallization  from  acetone,  crystals 
of  chloranil,  melting  at  285-286°.  Sulftuic  acid,  therefore,  decomposes 
the  salt  into  a  mixture  of  chloranil  and  tetrachlorohydroquinone. 

Teirabromo-o-quinone  and  Sodium  Iodide. — ^Two  grams  of  the  quinone 
dissolved  in  15  cc.  of  dry  acetone  and  2  grams  of  soditun  iodide  dissolved 
in  30  cc.  were  mixed  together,  after  filtering,  by  pouring  the  quinone 
solution  into  the  iodide  solution.  The  flask  was  then  rinsed  into  the  iodide 
solution  with  10  cc.  more  of  dry  acetone,  and  the  mixture  shaken  vigor- 
ously. The  reaction  was  instantaneous,  and  the  precipitate,  black 
while  wet,  was  filtered  off  with  suction,  washed  well  with  acetone  and  fin- 
ally with  ether,  as  preliminary  experiments  had  shown  that  acetone  re- 
acted with  the  salt  on  long  standing.  It  was  then  well  pressed  out  and 
placed  in  a  vacuum  desiccator  over  night.  In  the  morning  the  comers 
of  the  mass  had  become  very  slightly  tarry,  so  they  were  cut  off,  and  the 
rest  of  the  green  salt,  which  was  unaltered,  was  brought  to  constant  weight 
over  calcium  chloride  for  analysis. 

Calculated  for  CfiTfi,,Cfir^(OVz)t:  Br,  71.57;  Na,  5.16. 

Calculated  for  CeBr40,.CeBr4(ONa),.V,CH,COCHa:  Br,  69.32;  Na,  4.99. 
Pound:  Br,  68.95;  Na,  5.00. 

The  salt  precipitates  in  bluish  green  needles,  about  the  color  of  the 
salt  from  chloranil.  It  is  much  less  stable  than  the  other  salts  analyzed, 
decomposing  on  heating  to  80°  for  a  short  while,  probably  on  account 
of  the  presence  of  the  acetone. 
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Like  precipitates  were  readily  obtained  from  bromanil  and  tetra- 
chloro-o-quinone. 

Estimation  of  Iodine  Set  F/ee. — For  the  purpose  of  determining  the 
amount  of  free  iodine  formed  in  the  reaction  of  iodides  with  bromanil, 
xo  grams  of  the  powdered  crystals,  melting  at  292-293*^,  were  boiled  two 
hours  with  10  grams  of  potassium  iodide  in  alcohol.  The  solution  was 
then  filtered,  the  precipitate  washed  with  alcohol  till  no  more  iodine 
color  was  visible  in  the  alcohol  used  for  washing,  and  the  alcohol  filtrate 
and  washings  made  up  to  250  cc.  This  solution  was  then  titrated  for 
iodine  with  a  thiosulfate  solution,  i  cc.  of  which  was  equivalent  to  o.oi 
gram  of  iodine.  Much  difficulty  was  found  in  estimating  the  end-point, 
as  the  reduction  products  of  the  quinones  present  darkened  the  liquid 
considerably,  and  obscm-ed  the  blue  color,  so  it  seemed  best  to  use  but 
10-15  cc.  and  titrate  rapidly.  In  nine  titrations,  the  following  values 
were  found  for  i  cc.  of  the  thiosulfate  solution  in  terms  of  the  iodine 
solution:  2.20,  2.23,  2.19,  1.19,  i.88,  2.17,  2.29,  2.34,  2.36.  The  average 
of  these  is  2.16,  which  corresponds  to  i.i  grams  of  free  iodine  in  solution 
as  reaction  product.  The  insoluble  quinones  from  the  reaction  weighed 
9.6  grams  and  melted  at  253-258°.  Calculated  as  dibromodiiodoquinone, 
it  is  equivalent  to  7.9  grams  bromanil,  but  as  a  matter  of  fact  it  is  equiva- 
lent to  less  bromanil,  as  it  was  not  all  dibromodiiodoquinone.  This 
corresponds  roughly,  then,  to  the  disappearance  as  various  reduction 
products  of  2.1  grams  bromanil.  The  i.i  grams  of  iodine  formed  would 
be  set  free  by  2.0  grams  of  bromanil,  showing  that  the  iodine  formed, 
as  was  to  be  expected,  really  does  come  from  reduction  of  the  bromanil 
which  does  not  appear  as  iodo  derivative. 

Potassium  Iodide  in  Cold  Alcohol  on  Bromanil. — Ten  grams  of  pure 
bromanil,  10  grams  potassium  iodide  and  100  cc.  of  alcohol  were  placed 
in  an  Erlenmeyer  flask,  closed  with  a  rubber  stopper,  and  allowed  to 
stand  with  no  heating,  and  with  only  occasional  shaking,  for  four  months. 
No  green  salt  was  visible  at  any  time.  The  final  substance  in  the  flask 
was  red  brown;  isolated  as  usual,  it  melted  at  242-245°,  and  on  crystal- 
lization from  ethyl  acetate,  showed  that  the  effect  had  been  in  no  wise 
different  from  that  produced  when  heated. 


THE  AM YGDALINS  AND  THEIR  IKTER-REACTIONS  WITH  EMULSIN. 

By  Vbbmon  K.  Kribblb. 
Received  March  11,  1912. 

In  a  previous  commimication*  from  this  laboratory,  it  was  proved 
that  the  rotation  of  a  racemized  amygdalui  solution  is  independent  of 
the  nature  and  of  the  concentration  of  the  alkali  and  that  the  equilibrium 
point  is  independent  of  the  temperature  and  of  the  concentration  of  the 

*  Walker  aad  Krieble,  /.  Chem,  Soc.,  95,  1437. 


AMYGDALINS  AND  THBIR  INTER-RBACTIONS  WITH  BMUt3IN.  ^l^ 

amygdalin.  It  was  pointed  out  that  racemic  amygdalin  could  be  partially 
resolved  into  its  optical  isomers.  /-Amygdalin  or  ordinary  amygdalin 
was  obtained  pure  from  the  racemic  by  recrystallization  from  aqueous 
alcohol  and  afterwards  from  water.  A  part  of  the  more  soluble  portion 
containing  the  dextro  form  was  obtained  with  alcohol  of  crystallization 
at  low  temperature  in  absolute  alcohol.  The  actual  rotation  of  these 
anhydrous  crystals  did  not  agree  with  the  calculated  rotation  of  a  solu* 
tion  made  up  of  d-  and  /-amygdalin  in  proportion  to  the  d-  and  /-mandelic 
acid  obtained  when  the  crystals  were  hydrolyzed  with  add.  It  had 
also  been  noted  that  the  amotmts  of  glucose  liberated  by  emulsin  from 
/-  and  f-amygdalin  was  4  :  3,  which  suggested  that  emulsin  did  not  split 
off  the  second  molecule  of  glucose  from  the  dextro  compound  and  should, 
therefore,  have  formed  d-mandelonitrile  glucoside  or  sambunigrin,  though 
this  substance  could  not  be  extracted.  It  was  not  sambtmigrin,  however, 
as  it  was  not  broken  up  by  emulsin  into  benzaldehyde,  glucose  and  hydro- 
cyanic acid.  It  was  also  noted  that  a  racemic  solution  dried  on  a  water- 
bath  for  some  hours  had  an  increase  in  the  specific  rotation  and  thf^t  such 
solutions  could  not  be  hydrolyzed  by  emulsin  to  the  same  extent  as  the 
unheated  racemic  modification.  These  last  two  facts  indicated  that 
a  more  complicated  transformation  than  the  simple  racemization  was 
taking  place  and  it  was  suggested  that  probably  the  change  was  from 
an  (X-  to  a  ^-glucoside. 

In  the  present  communication  it  is  shown  that  the  minutest  trace  of  hy- 
droxyl  ion  is  capable  of  racemizing  amygdalin  and  that  the  cyanide  radicle 
is  necessary  to  effect  this  change.  The  composition  of  the  racemic  amyg- 
dalin is  definitely  proved  and  shown  to  be  made  up  of  56.25%  of  dextro 
and  43.75%  of  the  levo  form.  The  cause  of  the  increase  in  rotation 
when  racemic  solutions  are  dried  on  the  water  bath  is  found  to  be  due 
to  a  very  slight  amount  of  hydroxyl  ion  coming  from  the  hydrolysis  of 
the  barium  salt  from  an  unknown  acid  always  associated  with  amygdalin 
in  minute  quantities.  The  nature  of  the  change  giving  rise  to  the  increased 
rotation  is  conclusively  proved  to  be  a  transformation  of  the  CN  radicle. 
When  the  cause  was  known  it  could  easily  be  eliminated,  after  which  it 
was  possible  to  isolate  dextro  amygdalin  in  a  pure  form.  Its  properties 
are  very  similar  to  that  of  the  levo  compound,  as  was  expected. 

A  very  interesting  fact  was  brought  to  light  in  coimection  with  the 
hydrolysis  of  the  amygdalin  with  emulsin.  It  had  been  pointed  out 
by  other  investigators  that  emulsin  not  only  hydrolyzes  but  also  synthe- 
sizes active  benzaldehydecyanhydrin  from  hydrocyanic  acid  and  benz- 
aldehyde.  The  curious  part  is,  however,  that  Feist,  Rosenthaler  and 
Auld  always  found  ^-benzaldehydecyanhydrin  in  their  hydrolytic  solu- 
tions while  we  invariably  obtained  the  levo  modification  in  the  case  of 
certain  samples  of  emulsin.     With  benzaldehyde  and  hydrocyanic  acid 
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the  dextro  antipode  is  produced,  which  agrees  with  the  results  of  the 
above  investigators. 

EzperimentaL 

The  experimental  results  will  be  taken  up  under  the  following  headings: 

I.  The  effect  of  the  strength  of  alkalies  upon  the  equilibritun  between  the  levo 
and  dextro  amygdalin.  2.  Composition  of  the  raoemic  amygdalin.  3.  Cyanide  radicle 
necessary  for  racemization.  4.  Cause  of  the  increase  in  rotation  of  the  raoemic  amyg- 
dalin when  it  is  dried  on  a  water-bath.  5.  Nature  of  change  described  above  as  due 
to  hydroxyl  ion.  6.  Resolution  of  raoemic  amygdalin:  (a)  Isolation  of  the  levo 
form;  (6)  isolation  of  the  dextro  form.  7.  Hydrolysis  of  the  <j-amygdalin  by  strong 
sulfuric  acid.  8.  Hydrolysis  of  the  J-amygdalin  by  strong  hydrochloric  add.  9.  Ac- 
tion of  emulsin  on  the  amygdalin.  10.  Synthesis  by  emulsin  of  (i-benzaMehydecyan- 
hydrin  from  hydrocyanic  add  and  benzaldehyde. 

I.  The  Effect  of  the  Strength  of  Alkalies  upon  the  Equilibrium  between 

Levo  and  the  Dextro  Amygdalin. 

Walker*  showed  that  when  ordinary  amygdalin  is  treated  with  dilute 
alkali  it  is  rapidly  changed  into  a  substance  which  is  much  more  soluble 
and  which  yields  a  slight  preponderance  of  <i-mandelic  acid  when 
hydrolyzed.  During  the  course  of  the  investigation  it  was  found  that 
this  change  is  brought  about  by  extremely  minute  quantities  of  hydroxyl 
ions,  as  the  following  experiments  will  show. 

Amygdalin  is  never  entirely  neutral,  even  though  it  has  been  recrys- 
tallized  five  or  six  times.  In  this  particular  lot,  10  grams  required  more 
than  I  drop  0.25  N  alkali,  but  less  than  2  drops  to  give  a  pink  color  with 
phenolphthalein.  When  i  drop  is  diluted  with  25  cc.  of  water,  it  can  be 
added  to  10  grams  of  amygdalin,  also  dissolved  in  water  to  which  a  drop 
of  phenolphthalein  has  been  added,  without  bringing  out  the  pink  color. 
When  this  solution  is  boiled  down  a  thick  s)rrup  is  left  instead  of  crystals; 
if  it  is  redissolved  in  water  and  made  up  to  100  cc.  it  has  the  following 
rotation:  c  =  6.944,  ^  =  24®,  /  =  2  dcm.,  a  =  — 9.57^  hence  [a^ 
— 53-5 °-  Now  I  cc.  of  0.25  N  alkali  solution  contains  0.00425  gram  of 
OH  ion  and,  assuming  that  there  are  20  drops  in  i  cc,  we  would  have 
used  0.000225  gram  to  racemlze  10  grams,  or  2  in  100,000,  provided 
the  barium  salt  of  the  acid  present  is  completely  hydrolyzed.  In  another 
experiment,  10  cc.  of  a  10%  solution  was  made  up  to  25  cc.  with 
a  solution  of  barium  carbonate  in  carbonic  acid.  After  standing  for 
2  hours  it  still  had  a  specific  rotation  of  — 38.4°  at  23®.  The  solution 
was  then  immersed  in  boiling  water  for  upwards  of  twenty  minutes. 
Its  specific  rotation  had  changed  to  — ^48.9^,  which  showed  that  it  was 
partly  racemized.  When  this  solution  was  boiled  to  dryness  and  then 
hydrolyzed  with  hydrochloric  acid,  it  gave  mandelic  acid  with  a  specific 
rotation  of  +5.5°  (racemic  gives  +18°).      Here,  too,  the  baritun  salt 

^  /.  Chem,  Soc.,  83,  478  (1903). 
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of  the  add  present  is  formed  and  no  doubt  this  is  hydrolyzed  and  gives 
rise  to  hydroxyl  ions. 

It  is  hard,  however,  to  explain  the  two  following  experiments  in  this 
way.  One  cc.  0.25  N  baritmi  hydroxide  was  just  neutralized  with  sulfuric 
acid,  then  boiled  to  dr3mess.  Ten  cc.  of  a  10%  solution  were  added 
to  the  barium  sulfate  and  boiled  to  dryness  again.  The  syrup  left  was 
made  up  to  25  cc.  and  examined  in  the  polariscope,  a  =  — 3.18^,  c  = 
3-5776,  <  =  23°,  /  »=  2  dcm.,  hence  [a^  — ^444°-  In  another  experi- 
ment the  same  quantity  of  barium  hydroxide  was  neutralized  with  sul*- 
furic  add  until  the  pink  color  of  phenolphthalein  disappeared,  then 
10  cc.  of  /-amygdalin  added  and  the  solution  boiled  to  dryness.  When 
it  was  made  up  to  25  cc.  and  examined  in  the  polariscope,  a  =  — 3.90°, 
/  «=  24°,  Z  =  2  dcm.,  hence  [a]^  — 54-5°.  So  barium  sulfate  freshly 
predpitated  seems  to  racemize  faster  than  when  it  has  once  become 
perfectly  dry.  This  difference  might  be  due  to  ocduded  barium  hydroxide 
in  the  barium  sulfate  oystals,  which  later  diffused  and  affected  the  change 
in  rotation  or  to  the  fact  that  the  first  solution  is  sattvated  with  barium 
sulfate  and  the  second  is  not. 

2.  Composition  of  the  Racemic  Amygdalin. 

Walker,  who  first  discovered  the  racemic  amygdalin,*  pointed  out 
that  when  it  was  completely  hydrolyzed  with  hydrochloric  acid,  the 
ethereal  extract  always  showed  an  excess  of  d-manddic  acid,  indi- 
cating the  production  of  excess  of  d-amygdalin.  This  has  been  con- 
firmed by  Dakin'  and  by  a  number  of  our  own  observations.  Since 
the  equilibrium  could  not  be  shifted  and  since  the  amygdalinic  acid 
gives  inactive  add,  it  was  held  that  the  racemic  was  an  equal  mix- 
ture of  /-  and  d-amygdalin.'  The  reason  given  for  the  production 
of  excess  of  d-mondelic  acid  was  the  inequality  in  the  rates  of  hy- 
drolysis of  the  two  varieties  by  acid,  accompanied  by  a  slow  racemiza- 
tion.  This  is  not  borne  out  by  experiment.  Five  grams  of  /-amygdalin 
(3  H3O)  were  hydrolyzed  with  hydrochloric  (D  1.118)  at  60®  to  70°, 
for  5  hours,  extracted  with  ether  4  times  and  the  residue  from  the  ether 
made  up  to  50  cc.  and  examined  in  the  polariscope,  a  =  — 8.44**,  Z  =  2 
dcm.,  /  =  25°,  and  20  cc.  needed  29.2  cc.  of  0.125  N  alkali,  or  c  =  2.775; 
hence  [a]^  — 152°.  So  there  is  no  racemization  during  the  hydrolysis  of 
the  levo  form,  and  the  same  is  true  of  the  dextro  form  from  results  which 
appear  later  on.  As  proof  that  the  continued  boiling  did  not  racemize 
the  manddic  acid,  i  gram  was  dissolved  in  hydrochloric  acid  (D  1.118) 
and  made  up  to  50  cc.  This  rotated  polarized  light  — 3.30^  in  a  i  dcm. 
tube.     The  solution  was  heated  for  10  hotu's,  then  cooled  and  examined 

'  /.  Chem.  Soc,  83,  472  (1903). 

'Ibid.,  85,  1512  (1904). 

*  Walker  and  Krieble,  Ibid.,  95,  1437  (1909). 
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again;  it  now  had  an  angle  of  — 3.28^  at  the  same  temperature.  So 
the  excess  of  <f-mandelic  acid  must  represent  a  corresponding  excess  of 
(i-amygdalin  in  the  racemic.  Several  grams  were  racemized  and  then 
hydroljrzed  with  hydrochloric  acid  (D.  1.118)  for  6  hours  at  60^-70® 
and  the  add  solution  extracted  with  ether.  The  ether  residue  was  made 
up  to  50  cc.  and  examined  in  the  polariscope.  a—  +0.85®,  /=25®,  /=2 
dcm.,  20  cc.  needed  25.45  cc.  0.125  iV  alkali  to  neutralize  it,  but  1.65  cc.  was 
hydrochloric  add,  so  c  =  2.2610;  hence  [a]Jf  +18.8°.  At  this  tempera- 
ture manddic  add  has  a  specific  rotation  of  150^,  so  the  %  excess  of 
dextro  in  the  above  solution  is  18.8/ 150  X  100,  or  12.75.  "^^^  racemic 
is  therefore  composed  of  56.25%  J-amygdalin  and  43.75  /-amygdalin. 
Near  the  dose  of  this  investigation,  the  </-amygdalin  was  isolated  and 
fotmd  to  have  a  specific  rotation  of  — 61.2®  at  19®  for  a  5%  solution. 
A  /-amygdalin  solution  tmder  the  same  conditions  has  a  rotation  of  — ^39.2  ^. 
If  we  calculate  what  the  specific  rotation  of  a  solution  ought  to  be  if  it 
was  made  up  of  56.25  parts  of  dextro  and  43.75  of  levo  from  the  above 
rotations  we  find  it  to  be  — ^51.6®,  while  the  observed  rotation  is  52.2® 
for  the  same  temperature.  This  is  condusive  proof  that  the  racemic 
is  not  made  up  of  equal  parts  of  levo  and  dextro  amygdalin. 

3.  The  Cyanide  Radicle  Necessary  for  Racemization. 

No  one  has  as  yet  suggested  a  theory  to  explain  the  racemization  but 
it  can  be  demonstrated  by  the  following  experiment  that  it  is  not  possible 
to  racemize  the  asymmetric  carbon  atom  in  the  manddic  add  radide — 
the  one  racemized  when  amygdalin  is  treated  with  alkali — ^unless  the  cyan- 
ide group  is  attached  to  it;  by  treating  a  metallic  salt  of  active  amygdalinic 
acid  with  alkali.  To  do  this,  it  was  necessary  to  prepare  active  amyg- 
dalinic add.  Fifty  grams  of  /-amygdalin  (3  H,0)  were  dissolved  in  450 
cc.  of  0.25  A^  barium  hydroxide  and  the  solution  boiled  to  expel  all  the 
ammonia.  The  barium  was  precipitated  with  sulftiric  add  and  the 
solution  allowed  to  settle.  The  dear  liquid  was  siphoned  oS  into  a  i 
liter  measuring  flask,  the  barium  sulfate  carefully  washed  and  the  washings 
also  run  into  the  measuring  flask.  It  was  filled  up  to  the  mark  and  a 
rotation  taken:  a  =  — 5-44°,  t  =  21.5®,  I  =  2  dcm.;  hence  [a]Jf-^  — 60.8® 
for  anhydrous  amygdalinic  acid.  To  500  cc,  8.2  grams  of  strychnine 
were  added,  which  is  the  theoretical  quantity  necessary  to  produce  the 
acid  salt.  This  dissolved  readily  on  boiling.  The  strychnine  salt  did 
not  crystallize  on  cooling,  however,  so  the  solution  was  concentrated  in 
a  number  of  stages  and  then  allowed  to  stand  for  some  time,  but  there 
was  no  sign  of  crystallization.  So  another  lot  of  8.2  grams  of  strychnine 
was  added  and  dissolved  by  boiling.  When  this  solution  was  concentrated 
to  about  100  cc.  and  allowed  to  stand  for  one  week,  very  thin,  long,  trans- 
parent, needle-shaped  crystals  came  down.  When  filtered  from  the 
mother  liquor  and  exposed  to  the  air  they  became  opaque  and  finally 
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crumbled  to  powder,  showing  that  they  contained  water  of  crystalliza- 
tion. When  dried  to  constant  weight,  they  weighed  i8  griams.  A  i% 
solution  had  a  specific  rotation  of  [a]^  — 26.5°.  One  and  two- tenths 
grams  dissolved  in  water  required  1 1  cc.  of  o.  125  iV  alkali  to  neutralize  the 
add.  Amygdalinic  acid  (C^Hj^OnCOOH)  has  a  molecular  weight  of 
476;  therefore,  ii  cc.  of  0.125  N  solution  would  represent  0.6545  gram. 
Strychnine  (CjiHjjNjOj)  has  a  molecular  weight  of  334,  so  for  every 
476  parts  of  amygdalinic  acid  there  would  be  334  of  strychnine  or  0.6545 
gram  of  amygdalinic  acid  would  be  combined  with  0.4592  gram  of  strych- 
nine. It  is  evident,  therefore,  that  the  1.2  grams  of  the  strychnine  salt 
contained  0.0863  gram  of  water,  which  corresponds  to  3V2  molecules 
of  water  of  crystallization.  This  was  verified  by  drying  a  portion  over 
phosphorus  pentoxide  in  a  tube  exhausted  to  50-70  mm.  and  heated 
to  90*^.  0.83  gram  of  the  salt  lost  0.0612  gram  H,0,  corresponding  to 
3^/j  molecules. 

To  show  that  optically  active  amygdalinic  acid  cannot  be  racemized, 
5  grams  of  crystallin  strychnine  amygdalinate  were  dissolved  in  water 
and  I  cc.  more  0.25  N  barium  hydroxide  added  than  was  necessary  to  pre- 
cipitate the  strychnine.  After  one  hour  the  alkali  was  neutralized  and 
the  solution  made  up  to  50  cc.  The  specific  rotation  of  the  barium  salt 
was  c  =  4.605,  a  =  — ^3°,  i  =  21.5®,  /  =  2  dcm.,  hence  [a]^*-*  — 32.5°. 
The  solution  was  filtered  and  concentrated  to  a  thick  S3rrup,  then  hydrolyzed 
with  hydrochloric  add.  The  extracted  manddic  add  was  made 
up  to  50  cc.  and  examined  in  the  polariscope.  It  had  an  angle  of  +2.75^ 
in  a  2  dcm.  tube  at  22^;  its  concentration  was  1.7765  grams;  hence 
[«]d  +77-4°-  '^^^  excess  of  dextro  in  the  crystals  is,  therefore, 
77.4/149  X  100,  or  52%,  which  shows  that  the  amygdalin  radide  cannot 
be  racemized  if  the  cyanide  group  is  absent. 

As  active  mandelonitrile  was  obtained  near  the  end  of  this  investigation 
it  was  found  that  the  asymmetric  carbon  atom  present  could  be  racemized 
if  the  nitrile  was  dissolved  in  ether  and  a  few  drops  of  dilute  alkali  added. 

4.  Cause  of  the  Increase  in  Rotation  of  the  Racemic  Amygdalin. 
As  already  pointed  out  in  the  introduction,  we  were  considerably 
bafiled  by  the  behavior  of  the  racemic  amygdalin.  We  always  had  a 
large  portion  which  could  not  be  obtained  crystallized.  Emulsin  did 
not  seem  to  hydrolyze  the  racemic  forms  completely  and  the  end-point 
of  the  hydrolysis  seemed  to  be  influenced  by  the  length  of  time  the  racemic 
compotmd  was  dried  on  the  water  bath.  It  took  a  long  time,  however, 
to  find  out  what  caused  this  change.  At  first  it  was  thought  to  be  due 
to  the  presence  of  barium  carbonate,  which  slightly  dissolves  in  the  racemic 
solution  when  saturated  with  carbon  dioxide.  So  oxalic  and  sulfuric 
adds  were  used  to  neutralize  the  barium  hydroxide  but  in  almost  every 
case  the  rotation  increased,  as  the  following  table  shows. 
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A  io%  stock  solution  of  /-amygdalin  (3  H,0)  was  made  up.  Ten  cc. 
were  used  in  each  experiment,  to  which  was  added  i  cc.  of  0.25  N  barium 
hydroxide  and  then  treated  as  follows: 

(i)  Pftssed  in  carbon  dioxide  until  neutral  to  phenolphtfaalein,  filtered  and  boiled 
for  five  hours  on  water4>ath.    Blade  up  to  35  cc.  and  exatniaffd  in  the  pokuisoope. 

a  —  — ^4.60®,  t  —  24®,  /  —  9  dcm.,  hence  [«]^  —64.3®. 

(3)  Passed  in  carbon  dioxide  until  saturated,  then  boiled  ten  minutes  before 
filtering..    Filtrate  was  boiled  for  5  hours. 

a  —  — 4.70%  t  -"  24®,  /  —  2  dcm.,  hence  [a]^  — 65.7®. 

(3)  Added  oxalic  acid  until  neutral  t6  phenolphthalein.    Evaporated  and  heated 
5  houra. 

a  —  — 4<6o^,  <  —  25®,  Z  —  2  dcm.,  hence  [a'^S  — 64-3 **• 

(4)  Added  sulfuric  add  until  neutral  to  phenolphthalein,  then  evaporated  and 
boiled  5  hours. 

a  —  — 4.56®,  <  —  23®,  i  —  2  dcm.,  hence  [«]§  — ^3-7*« 

(5)  (12.5  cc.  used  instead  of  10  cc)     Neutralized  with  theoretical  quantity  of 
oxalic  add,  evaporated  and  heated  for  5  V,  hours  then  made  up  to  25  cc. 

a  —  — 4.70®,  *  —  20®,  i  —  2  dcm.,  hence  [a]?  — 52.5®. 
These  are  only  a  few  selected  at  random  from  the  notebook.  There 
were  very  few  where  the  rotation  did  not  increase.  Finally,  it  was  noticed 
that  all  the  solutions  which  had  an  increased  rotation  gave  a  faint  pre- 
cipitate with  sulfuric  add,  while  solutions  heated  like  number  5  did  not 
give  a  precipitate.  This  gave  a  due  to  the  situation,  as  it  suggested 
that  the  amygdalin  solutions  were  f aintiy  add  and  that  when  the  baritmi 
hydroxide  was  added  this  add  was  changed  to  the  barium  salt.  When 
the  excess  of  barium  hydroxide  was  neutralized,  this  barium  would 
not  be  predpitated,  as  there  was  just  enough  added  to  make  the  solution 
neutral  to  phenolphthalein.  To  show  that  this  was  actually  the  case, 
I  drop  of  bariimi  hydroxide  was  added  to  10  grams  of  /-amygdalin  (3  H^O) 
in  solution,  but  as  I  have  already  said,  this  did  not  change  the  phenol- 
phthalein red.  When  the  solution  was  evaporated  to  a  syrup  and  then 
made  up  to  100  cc.,  it  had  a  spedfic  rotation  of  c  »  8.944,  a  =  — 9*57^> 
/  =»  2  dcm.,  t  «  24*^;  hence  [«]^  — SS.S*'.  Ten  cc.  of  this  solution  were 
evaporated  to  dryness  and  heated  for  5  hotu-s,  then  made  up  to  25  cc. 
It  now  had  a  rotation  of  c  =  3.5776,  a  =  — ^4.70°,  I  =  2  dcm.,  t  =  24^; 
hence  [a]^  — 65.7°.     This  was  repeated  with  the  same  result. 

To  prove  that  this  change  must  be  due  to  the  hydroxyl  ions  caused 
by  the  hydrolysis  of  the  barium  salt,  i  drop  of  N  sulfuric  add  was  added 
to  10  cc.  of  the  above  100  cc.  and  heated  for  5  hours  and  then  made  up 
to  25  cc.  again.  It  had  a  rotation  of  c  =  3.5776,  a  =  — ^3-75  °»  t  =  24°, 
/  «  i  dcm.;  hence  [a]ff  — 52.4^  This  was  repeated  with  a  16-gram 
lot  to  which  5  cc.  excess  oxalic  add  (0.33  N)  were  added  when  the  barium 
hydroxide  was  neutralized,  with  the  same  result.  A  very  small  amount 
of  hydroxyl  ions,  therefore,  does  not  only  racemize,  but  also  appears 


AMYGDAI^mS  AND  THHOt  INTSR-BEACTIONS  WITH  8MULSIN.         723 

to  change  the  amygdalin  in  some  way,  when  present  during  the  evapora- 
tion of  the  solution. 

5.  Nature  of  the  Change  Caused  by  Hydrozyl  Ions  in  Racemic  Solutions 
when  Evaporated  to  Dryness  and  Baked  on  Water  Bath. 

The  most  nattu'al  thing  to  expect  when  the  specific  rotation  went  up 
was  that  there  was  more  of  the  dextro  form  produced.  Six  grams  were, 
therefore,  dissolved  in  water  and  added  to  a  solution  of  100  cc.  containing 
2  cc.  of  barium  hydroxide,  which  had  been  precipitated  and  redissolved 
by  passing  in  carbon  dioxide.  The  solution  was  taken  down  to  a  very 
thick  syrup.  This  was  afterwards  made  up  to  50  cc.  and  a  rotation 
taken:  a  =»  — 12.44**,  /  =  2  dcm.,  t  =  23®,  c  =  10.7328;  hence  [a]|f 
— 58®.  The  solution  was  evaporated  to  a  thick  syrup  and  hydrolyzed 
with  hydrochloric  add  (D  1.118)  for  4  hours  at  6o**-7o**,  the  manddic 
add  extracted  and  made  up  to  50  cc.  It  had  a  dextro  rotation  of  0.20^ 
ina  I  dcm.  tube  at  22®,  20  cc.  used  up  38.1  cc.  0.125  -/V  alkali  or  c  =  3.6195; 
hence  [a]^  +5.5**.  This  shows  that  the  equilibrium  has  not  been  shifted 
in  favor  of  the  dextro  form. 

Since  barium  could  always  be  predpitated  from  solutions  which  had 
this  high  rotation  and  racemic  solutions  whose  rotation  did  not  go  up 
did  not  contain  barium,  it  was  conceivable  that  the  barium  was  in  some 
way  imited  with  the  glucose  part  of  the  molecule  which  caused  this  in- 
crease in  rotation.  One  gram  of  /-amygdalin  (3  H^O)  was,  therefore, 
dissolved  in  water,  V3  cc.  of  barium  hydroxide  added,  and  then  oxalic 
add  added  tmtil  the  color  of  the  phenolphthalein  had  just  disappeared. 
The  solution  was  evaporated  to  dryness  and  baked  on  the  water-bath 
for  5  hours.  It  was  then  made  up  to  50  cc.  and  had  the  following  rota- 
tion: a  =  — 4.55^  ^  =  25^  /  =  2  dcm.,  c  ==  3-5776;  hence  [a]^  — 63.9®. 
Twenty-five  cc.  of  this  solution  were  treated  with  dilute  sulfuric  add  imtil 
it  no  longer  gave  a  precipitate,  and  then  evaporated  to  25  cc.  and  another 
rotation  taken.  It  now  rotated  polarized  light  — ^4.40°  at  23°  in  a  2  dcm. 
tube,  or  [a]|f  — 63**,  which  shows  that  the  combination  of  barium  with 
the  glucose  radide  is  not  the  cause  of  the  increase  in  rotation. 

If  the  cause  of  this  high  rotation  exists  in  the  glucose  part  of  the  mole- 
cule, then  the  corresponding  ammonium  amygdalinate  ought  also  to  have 
an  increased  rotation.  So  2.5  grams  /-amygdalin  (3  HjO)  were  boiled 
with  excess  of  barium  hydroxide  until  all  the  ammonia  was  expdled, 
then  ammonia  and  carbon  dioxide  were  passed  in  to  precipitate  all  the 
barium.  The  solution  was  filtered,  the  precipitate  ou'efully  washed  and 
the  dear  filtrate  evaporated  to  50  cc.  It  had  a  sepdfic  rotation  of  a  =» 
— 6.47®,  /  =  2  dcm.,  t  =  19°,  c  =  4.472;  hence  [a]J^  — 72.3^.  This 
was  repeated  some  time  later  when  [a]^  was  foimd  to  be  — 71.8®.  When 
the  ammonium  amygdalinate  was  prepared  from^the  racemic  form  which 
had  the  increased  rotation,  it  was  found,  however,  to  be  the  same.    Two 
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and  five-tenths  grams  of  /-amygdalin  (3  HjO)  were  dissolved  in  water, 
2  cc.  barium  hydroxide  added  and  after  10  minutes  carbon  dioxide  passed 
in.  The  solution  was  evaporated  to  dryness  and  baked  for  7  hours, 
then  made  up  to  50  cc.  The  specific  rotation  was  c  =  4.472,  a  =  — 5.43°, 
/  =  2  dcm.,  t  =  24.5°;  nence  [a]^"*  — 60.7°.  Twenty-five  cc.  of  the  solu- 
tion were  changed  to  ammonitun  amygdalinate  by  the  method  de- 
scribed above.  When  it  was  made  up  to  25  cc,  it  had  a  specific  rotation 
of  [a]^  — 71.6°.  This  shows  that  the  change  of  rotation  in  the  racemic 
form  when  heated  is  not  due  to  any  change  in  the  glucose  part  of  the 
molecule  or  else  the  corresponding  ammonium  amygdalinate  would  not 
have  the  same  rotation.  As  ftuther  proof,  ammonium  amygdalinate 
was  heated  for  7  hours  in  the  presence  of  a  small  quantity  of  freshly  pre- 
cipitated baritmi  carbonate,  but  when  redissolved  it  was  found  to  have 
the  same  rotation. 

From  these  results  one  would  suspect  that  the  cyanide  group  was 
changed  or  hydrolyzed  in  some  way.  This  could  easily  be  proved  as  it  was 
pointed  out*  that  strong  sulfiuic  acid  when  allowed  to  act  on  /-amygdalin 
for  several  hoturs  at  a  high  temperature,  produced  about  85%  of  the  theo- 
retical (i-mandelonitrile,  so  if  the  cyanide  has  been  hydrolyzed  during  the 
change  that  takes  place  when  the  rotation  of  the  racemic  form  goes  up,  it 
ought  not  to  give  any  nitrile  when  hydrolyzed  with  strong  sulfuric  add. 
Twenty  grams  of  the  racemic  amygdalin  were,  therefore,  hedted  with  a 
small  quantity  of  barium  carbonate  for  6  hours  when  the  specific  rotation 
went  up  to  — 67.4*^.  The  solution  was  again  evaporated  and  the  thick 
syrup  dissolved  in  60  cc.  of  water  and  40  cc.  of  concentrated  sulfuric  acid. 
This  solution  was  heated  to  90®  and  kept  at  this  temperature  for  i*/, 
hours,  after  which  it  was  cooled  and  extracted  with  100  cc.  of  benzene. 
The  benzene  solution  did  not  have  any  activity.  It  was  evaporated  to  a 
small  voltune,  then  potu-ed  into  a  small  beaker  and  when  free  of  the 
solvent  and  moisttu-e  it  weighed  0.287  gram,  which  is  only  an  eighth  of 
the  nitrile  obtained  from  /-amygdalin.  The  aq  ueous  hy drol3rtic  solution  was 
extracted  with  ether  and  the  mandelic  add  obtained  was  dissolved  and 
made  up  to  100  cc.  with  water.  It  had  a  slight  dextro  activity.  Ten 
cc.  required  26.6  cc.  of  0.125  N  alkali  or  the  concentration  of  mandelic 
add  was  5.12  grams.  This  demonstrates  that  the  nitrile  was  hydrolyzed 
before  the  sulfiuic  acid  acted,  because  when  Z-amygdalin  is  treated  for 
the  same  length  of  time  with  the  same  strength  of  acid  it  yields  about 
85%  of  nitrile  while  in  this  case  86%  of  manddic  acid  was  obtained. 

It  is  difficult  to  say  to  what  the  nitrile  radide  is  transformed  when  the 
racemic  amygdalin  is  heated,  as  it  is  impossible  to  get  the  new  substance 
ptu-e.  One  might  expect  it  to  be  ammonium  amygdalinate  from  its 
rotation.     There  are  no  ordinary  tests,  however,  which  can  be  applied 

^  Walker  and  Krieble,  /.  Chem.  Soc.,  95,  1369  (1909). 
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in  this  case,  so  the  electrical  resistance  of  this  substance  was  compared 
with  that  of  ammonitun  amygdalinate.  The  cell  used  had  a  constant 
of  0.1037  and  a  5%  /-amygdalin  (3  H^O)  solution  had  a  conductivity  of 
0.424  X  io~^.  Ammonitun  amygdalinate  was  prepared  according  to 
methods  already  described. 

The  following  are  some  of  the  conductivities  observed,  measurements 
being  made  at  25^. 

Per  cent  of  NH4  amygdaliiiate.  Specific  rotatfon.  Specific  oonductivity. 

5  — 7I.8*»  6.74  X  IO-» 

4  5.18  X  lO"* 

3Vi  4-43  X  ID** 

2  3.45  X  ID"* 

3%  of  NH4  amygdaUiiate  + 

1%  of  l-amygdalin  —63®  3-99  X  lo"* 

The  following  are  the  solutions  which  had  been  heated: 

4  — 65.4*  5.94  X  10-* 

4  — S^.a"*  3.61  X  10-* 

4  -^7-5®  598  X  10-* 

4  —64.6**  5.08  X  10-* 

From  these  results  it  is  quite  evident  that  this  new  substance  is  not 
ammonium  amygdalinate  nor  even  a  mixture  of  amygdalin  and  am- 
monitun amygdalinate.  It  might  be  the  amide  or  some  other  nitrogen 
derivative  of  amygdalinic  acid,  but  it  cannot  be  the  acid  itself  as  it  is 
very  nearly  neutral  in  reaction,  nor  can  it  be  the  barium  salt,  as  there 
is  only  the  faintest  trace  of  barium  in  it.  At  this  point  our  attention  was 
turned  to  the  isolation  of  the  (i-amygdalin,  as  we  had  fotmd  out  how 
tor  evaporate  the  racemic  form  without  bringing  about  any  internal 
change. 

6.  Resolution  of  Racemic  Amygdalin. 

Seventy-five  grams  were  dissolved  in  several  hundred  cc.  of  luke-warm 
water  and  6  cc.  of  barium  hydroxide  added.  After  one-half  hour,  1.4 
cc.  of  0.33  N  oxalic  acid  were  added  in  excess  of  the  quantity  needed  to 
make  the  solution  neutral.  This  was  evaporated  to  a  moderately  thick 
syrup  and  250  cc.  of  95%  alcohol  added,  which  caused  30  grams  of  crystals 
to  separate.  It  was  impossible  to  get  any  more  crystals  by  concentrating 
the  mother  liquor,  so  the  alcohol  was  distilled  off  in  vdctu)  and  the  syrup 
drawn  out  to  a  froth.  The  flask  was  then  broken  and  the  residue  dried 
in  a  vacuum  desiccator,  after  which  it  was  dissolved  in  500  to  600  cc. 
of  boiling  absolute  alcohol.  When  the  solution  cooled  to  the  room  tem- 
peratture,  a  small  quantity  (5  grams)  of  a  heavy  syrup  separated.  This 
is  due  to  the  fact  of  not  using  enough  alcohol  as  it  was  not  obtained  in 
subsequent  experiments.  So  the  clear  solvent  was  decanted  and  cooled 
to  — 5°  for  an  hotu*,  which  caused  7.6  grams  of  a  fine  crystallin  precipi- 
tate to  separate.    This  was  rapidly  filtered  and  washed  with  cooled  ab- 


726  VBItNOK  It.   KRC^BLS. 

solute  alcohol.  When  the  temperature  went  up  a  few  degrees  it  liquefied 
completely  giving  off  its  alcohol  of  crystallization.  The  mother  liquor 
was  concentrated  to  Vs  ^^  ^^  original  volume  and  allowed  to  stand  at 
the  room  temperature  for  several  days.  During  this  time  n.8  grams  of 
crystals  separated,  which,  so  far  as  could  be  ascertained,  did  not  contain 
alcohol  of  crystallization.  The  solution  was  again  concentrated,  but 
no  more  crystals  separated,  so  it  was  cooled  with  salt  and  ice,  which  caused 
4  more  grams  of  crystals  with  alcohol  of  crystallization  to  separate. 
It  was  concentrated  a  third  time,  which  caused  another  crop  of  2.6  grams 
to  come  out,  at  room  temperature.  When  the  mother  liquor  was  con- 
centrated a  foturth  time  and  cooled  with  a  freezing  mixture,  3.2  grams 
separated.  The  solvent  was  then  completely  evaporated  which  left 
a  residue  of  3.34  grams.  It  is  possible,  therefore,  to  resolve  the  racemic 
amygdalin  practically  completely  into  three  different  mixtures  all  of  which, 
however,  are  crystallin.  The  final  residue  of  3.34  grams  was  rather  sticky 
and  when  tested  was  found  to  be  slightly  acidic  m  nature,  which  showed 
that  prolonged  boiling  hydrolyzes  a  very  small  fraction. 

(a)  Isolation  of  the  Levo  Amygdalin. 

The  first  crop  of  crystals  (30  grams)  contains  a  large  preponderance 
of  /-amygdalin.  A  5%  solution  in  a  2  dcm.  tube  at  20®  rotated  polarized 
light  — ^4.11®.  When  1.366  grams  were  dried  over  phosphorus  pentoxide 
in  vacuo  at  reduced  pressure  it  lost  0.0928  gram  or  6.8%  of  water  of  ays- 
tallization;  hence  [a]Jf  — ^44*^.  Five  grams  were  hydrolyzed  in  the  usual 
way  and  the  mandelic  add  extracted,  dissolved  and  made  up  to  50  cc. 
It  had  a  specific  rotation  of  a  ==  — 6.40®,  /  =  2  dcm.,  t  =  24.5®  and  20 
cc.  required .31.4  cc.  of  0.125  N  alkali,  or  c  =  2.983;  hence  [a]^-*  — 107.3°. 
At  this  temperatiu"e  mandelic  add  has  a  rotation  of  — 150.5°,  therefore, 
this  fraction  contams  about  85.6%  of  the  levo  isomer  and  14.4  of  the 
dextro.  If  one  calculates  what  the  rotation  of  such  a  mixttu^  should 
be  at  20°,  it  comes  to  — 42.5°,  which  is  not  very  far  from  the  value  fotmd 
when  one  takes  into  consideration  the  number  of  experimental  facts 
that  the  theoretical  depends  on.  About  20  grams  of  the  above  30  were 
dissolved  in  a  small  quantity  of  hot  water.  When  the  solution  cooled, 
the  levo  compotmd  crystallized  out  in  rosets.  These  were  twice  re- 
crystallized  and  then  air-dried.  A  5%  solution  (3  H^O)  showed  a  rota- 
tion of  — ^3.43°  in  a  2  dcm.  tube  at  25°,  or  [a^  — ^38-3^  which  agrees 
very  well  with  the  /-amygdalin  we  started  with,  namely  [a]^*  — ^38.6° 
for  the  same  concentration.  Five  grams  of  it  were  hydrolyzed  and  the 
mandelic  add  obtained  without  ptuification,  had  a  specific  rotation  of 
a  =  — 65.9°,  /=  26.5°, 20 cc. required 23. 7 ceo.  125 iV alkali, ore  =  2.2344; 
hence  [a]jj  — 152.6°  at  17°,  which  compares  favorably  with  — 154®,  the 
value  found  for  carefully  ptuified  mandelic  acid.  Whether  this  crop  of 
crystals  which  has  a  specific  rotation  of  — ^44°  is  a  definit  compound, 
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made  up  of  3  parts  of  levo  to  i  of  dextro,  saturated  with  the  mother  liquor 
which  contains  a  big  excess  of  dextro;  or  whether  it  is  /-amygdaiin  satu« 
rated  with  the  mother  liquor  is  hard  to  determin.  The  crystals  themselves 
come  out  of  the  alcoholic  solution  in  the  form  of  resets  and  have  all  the 
characteristics  of  /-amygdalin.  Then  their  rotation  is  not  constant, 
for  if  they  are  washed  with  a  small  quantity  of  alcohol  it  comes  down 
as  low  as  — ^42.5^.  If  it  is  a  definit  compound  it  is  very  loosely  bound 
together,  as  there  is  no  difficulty  whatever  in  isolating  the  pure  levo 
form  from  it  in  good  quantities. 

(b)  Isolation  of  the  Dextro  Amygdalin. 

After  the  greater  part  of  the  /-amygdalin  is  separated  from  the  racemic, 
the  J-amygdalin  is  obtained  in  two  crystallin  modifications  as  already 
stated.  The  second  fraction  (11. 8  grams)  has  a  specific  rotation  of 
c  =  4.82,  /  =  20.5**,  a  =  —5.66**;  hence  [ag^*  —59^  Three  and 
five-tenths  grams  were  hydroljrzed  in  the  usual  way  with  hydrochloric 
add.  The  mandelic  acid  was  extracted  with  ether,  dissolved  and  made 
up  to  50  cc.  with  water.  It  showed  a  rotation  of  +6.65^  in  a  2  dcm. 
tube  at  18.5®,  20  cc.  required  24.6  cc.  0.125  iV  alkali;  c,  therefore,  =»  2.337; 
hence  [a]}^-^  +142^.  So  this  fraction  is  about  95%  ptue  c(-amygdalin. 
After  recrystallizing  this  fraction  twice  from  absolute  alcohol,  it  had 
a  specific  rotation  of  c  =  6  (anhyd.),  a  =  — 7. 27**,  /  «=  2  dcm.,  i  =  27^; 
hence  [a]^  — 60.6^.  When  hydrolyzed,  as  we  shall  see  later,  it  yields 
pure  d-mandelic  acid.  It  melts  sharply  at  212^,  is  easily  soluble  in  95% 
alcohol,  fairly  insoluble  in  absolute  alcohol  and  crystallizes  out  slowly 
from  a  supersaturated  solution  in  very  fine  flu£fy  crystals.  It  dissolves 
in  less  than  its  own  weight  of  water,  but  assumes  a  crystallin  form  when 
evaporated  to  a  thick  s}rrup  and  allowed  to  stand  for  a  day  or  two.  It 
has  a  bitter  taste  and  is  hydrolyzed  to  glucose,  hydrocyanic  add  and  benz- 
aldehyde  by  emulsin. 

The  following  table  shows  that  the  specific  rotation  of  the  (i-amygdalin 
varies  with  temperature  and  concentration,  as  was  conjectured  from  the 
rotation  of  the  racemic: 


c. 

a. 

T. 

k 

Spcdilc  rotatkm. 

8.5 

—10.63** 

14 

2 

ddn. 

— 62.5® 

8.5 

— 10.43** 

245 

2 

-^1.4^ 

8.5 

— 10.19® 

36.5 

2 

—60® 

4.25 

—5.13'* 

27 

2 

-6o.4» 

2.125 

-2.51^ 

26.5 

2 

— S9.a'' 

The  other  modification  of  the  dextro  form,  namely,  the  one  which  crys- 
tallizes with  alcohol  of  crystallization,  has  a  specific  rotation  of  c  »  4.96, 
/  ==  2  dcm.,  /  =  26°,  a  =  — 557**;  hence  [a]^  — ^56.1°.  About  3  grams 
were  hydrolyzed  and  the  mandelic  acid  extracted.  It  was  made  up  with 
water  to  50  cc.  and  a  rotation  taken:  /  =  2  dcm.,  t  =  27°,  a  «  +3.23®, 


728  VKRNON   K.    KRIBBIM. 

20  cc.  required  20.16  cc.  of  0.125  A^  alkali ;  hence  [al^  4-84.3°,  which  corre- 
sponds to  78.3%  of  dextro  and  21.7%  of  levo  amygdalin.  When  one 
calculates  what  the  specific  rotation  ought  to  be,  it  comes  to  — 56.4° 
at  19°  which  is  practically  the  same  as  the  one  observed.  This  modi- 
fication seems  to  be  a  definit  compound  composed  of  3  parts  dextro  and 
I  of  levo,  mixed  with  a  small  quantity  of  dextro.  It  crystalUzes  with 
alcohol  of  crystallization,  which  the  dextro  compotmd  alone  does  not  appear 
to  do.  It  is  much  more  readily  soluble  in  absolute  alcohol  than  the 
dextro  form.  When  such  a  solution  is  cooled,  a  part  of  the  dextro  form 
crystallizes  out;  if  it  is  not  filtered  out,  however,  but  allowed  to  stand  for 
some  hours,  it  reimites  with  the  portion  still  in  the  mother  liquor,  forming 
a  thick  syrup  which  can  be  redissolved  by  heating  the  solvent  and  the 
process  repeated.  At  a  temperatiu-e  slightly  higher  than  the  room  temper- 
ature this  modification,  therefore,  seems  to  be  unstable,  allowing  the 
dextro  form  to  separate. 

7.  Hydrolysis  of  Dextro  Amygdalin  with  Strong  Sulfuric  Acid. 

As  the  /-amygdalin  acted  so  peculiarly  towards  acids,  it  seemed  worth 
while  to  hydrolyze  the  ^amygdalin  and  see  whether  it  acted  in  the  same 
way.  Five  grams  of  (/-amygdalin  were,  therefore,  hydrolyzed  in  a  solu- 
tion containing  10  grams  of  sulfuric  acid  and  15  grams  of  water  for  i  hour 
and  15  minutes  at  90°.  Fifteen  minutes  after  the  heating  was  begun, 
the  solution  turned  milky  and  very  soon  beads  of  oil  began  to  appear. 
At  the  end  of  the  time  specified,  the  solution  was  cooled  and  extracted 
with  50  cc.  of  benzene.  It  rotated  polarized  light  — 3**  in  a  i  dcm.  tube. 
The  benzene  solution  was  collected  and  evaporated  to  dryness  which 
left  a  dark  colored  oil  free  from  the  odor  of  benzaldehyde.  It  weighed 
1-235  grams  or  about  85%  of  the  theoretical  nitrile  in  5  grams.  The 
aqueous  hydrolytic  solution  was  extracted  with  ether  and  the  mandelic 
acid  obtained  was  dissolved  and  made  up  to  25  cc.  It  had  an  angle  of 
+  2.95®  in  a  2  dcm.  tube  at  27°,  20  cc.  required  11.8  cc.  of  0.125  iV alkali, 
or  the  25  cc.  contained  0.279  gram  of  mandelic  acid.  This  demonstrates 
that  the  dextro  compound  loses  its  glucose  before  the  cyanide  radicle  is  at- 
tacked in  a  strong  sulfuric  acid  soltltion.  This  is  identical  with  the  hy- 
drolysis of  the  levo  form.* 

8.  Hydrolysis  of  Dextro  Amygdalin  with  Hydrochloric  Acid  (D.  i.i8)  at 

the  Room  Temperature. 

Five  grams  of  d-amygdalin  were  dissolved  in  hydrochloric  acid  (D. 
1. 1 18),  the  solution  being  made  up  to  25  cc.  The  hydrolysis  was  carried 
on  at  the  room  temperature  and  followed  by  taking  readings  in  a  i  dcm. 
polariscope  tube. 

*  J.  Chem.  Soc.,  95,  1374  (1909). 


RoUtioo. 

Time. 

RotatkMi. 

— 11.85^ 

119 

+  10.75"* 

— 7.8o*» 

14s 

+  I2« 

—1.20® 

167 

+  13^ 

+0.73^ 

215 

+  15' 
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Time. 

5 

7 
23 
30 

47  +3.95** 

I  tried  to  take  another  reading  48  hours  later,  but  the  mandelic  acid  had 
ah-eady  started  to  crystallize  out.  What  was  left  of  the  hydrolytic  solu- 
tion was  extracted  with  ether  and  the  mandelic  acid  obtained  was  dis- 
solved in  water  and  the  solution  made  up  to  50  cc.  It  had  an  angle  of 
+  5-75^  ^  =  27^  /  =*  2  dcm.,  20  cc.  required  20.7  cc.  0.125  N  alkali,  or 
c  =  1.966;  hence  [a]|J^  +147**.  Since  carefully  purified  mandelic  add 
has  a  specific  rotation  of  4-149®  at  this  temperatiu^,  our  d-amygdalin 
must  have  been  pure.  By  comparing  the  polariscope  readings  with  those 
taken  in  the  hydrolysis  of  the  /-amygdalin,  we  notice  that  there  is  a  very 
sharp  drop  in  the  rotation  of  the  former  and  a  corresponding  rise  in  the 
latter.  This  strengthens  the  view  expressed  by  Walker*  that  the  first 
product  formed  is  principally  amygdalinic  acid,  which  is  then  hydrolyzed 
to  glucose  and  mandelic  acid. 

9.  Action  of  Emulsins  on  the  Amygdalin. 

Liebig  and  Wohler'  first  pointed  out  that  amygdalin  was  decomposed 
into  glucose,  benzaldehyde  and  hydrocyanic  acid  by  emulsin.  Since 
then  several  papers  have  appeared  on  this  subject  by  Tammann,'  Caldwell 
and  Courtlaud,*  and  Auld.* 

The  following  are  the  main  conclusions  arrived  at:  First,  that  for  small 
concentration  of  the  enzyme  the  velocity  is  proportional  to  its  concen- 
tration. As  the  concentration  is  increased  this  relationship  ceases  and 
finally  a  further  increase  does  not  produce  a  corresponding  increase  in 
velocity.  Second,  that  a  constant  quantity  and  not  a  constant  fraction 
of  amygdalin  is  hydrolyzed  in  a  imit  time,  at  least  when  a  large  excess 
of  amygdalin  is  present.  Third,  that  amygdalin  is  almost  completely 
hydrolyzed  into  glucose,  benzaldehyde  and  hydrocyanic  acid,  by  emulsin. 
Liebig  believed  that  the  hydrolysis  went  on  as  long  as  the  benzaldehyde 
dissolved  in  water.  Tammann  noted  a  decomposition  of  60%  at  40°. 
Caldwell  and  Courtlaud,  repeating  Tammann's  experiments,  find  that 
at  the  end  of  67  and  90  hours,  98.2  and  98.5%,  respectively,  is  decomposed. 
Fourth,  that  mandelonitrile  glucoside  is  first  formed,  which  in  turn  breaks 
down  to  benzaldehyde  and  hydrocyanic  acid.  The  first  part  of  the  hy- 
drolysis, therefore,  takes  place  at  the  biose  linking  just  as  it  does  with 

*  J,  Chem,  Sac.,  83,  476  (1903). 

■  Ann.,  23,  I. 

'  Z.  pkysik.  Chem.,  z6,  271  (1892). 

•  /.  Chem.  Soc.,  gi,  670  (1907). 

■  Ibid.,  93,  1251  (1908). 
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maltose,*  but  the  hydrolysis  of  maltose  stops  here,  while  emulsin  goes 
one  step  further. 

The  action  of  emulsin  on  the  racemic  amygdalin  has  not  been  the  sub- 
ject of  much  investigation.  Dakin^  noted  that  if  a  solution  of  emulsin 
is  added  to  a  racemized  solution  of  amygdalin  and  kept  at  40^  for  some 
time,  benzaldehyde  and  hydrocyanic  add  were  found  present  in  the  solu- 
tion. This  only  shows,  however,  that  there  is  still  /-amygdalin  in  the 
solution,  but  proves  nothing  concerning  the  action  of  emulsin  on  the 
ci-amygdalin.  So  a  series  of  comparative  experiments  were  carried  out 
to  determin  this  action  on  the  various  amygdalins.  The  emulsin  used 
was  Kahlbatun's  preparation.  The  solution  employed  was  made  up 
by  adding  i  gram  of  the  emulsin  to  100  cc.  of  water.  This  was  stirred 
at  intervals  during  several  hoturs,  after  which  it  was  filtered  into  a  bottle 
and  several  drops  of  toluene  added.  The  extent  of  the  hydrolysis  in 
most  cases  was  estimated  by  determining  the  amotmt  of  hydrocyanic 
add  produced.  At  first,  Auld's  method'  was  used,  which  consists  of  add- 
ing an  excess  of  sodium  add  carbonate  and  then  titrating  the  hydrocyanic 
acid  with  dilute  standard  iodine  solution.  It  was  not  very  satisfactory, 
as  the  end  was  by  no  means  sharp.  A  second  method  that  was  tried, 
was  to  make  the  hydrolytic  solution  alkalin  with  magnesium  hydroxide 
and  add  several  drops  of  potassium  chromate,  then  titrate  with  silver 
nitrate  until  silver  chromate  is  predpitated.  Still  another  method  em- 
ployed was  to  add  excess  of  silver  nitrate  to  the  emulsin  solution  then 
titrate  the  excess  with  ammonium  thiocyanate,  using  ferric  alum  as  an 
indicator.  These  methods  were  tested  by  estimating  standard  potassium 
cyanide  in  an  emulsin  solution  containing  benzaldehyde,  but  the  amount 
of  cyanide  determined  was  always  too  low.  Correct  values  could  be 
obtained  when  the  emulsin  was  left  out,  which  seemed  to  indicate  that 
the  silver  nitrate  in  some  way  united  with  the  emulsin. 

A  new  method  was,  therefore,  devised  which  gave  better  results  than 
any  of  those  mentioned  above.  It  consisted  in  sucking  a  slow  current 
of  pure  air  through  the  Erlenmeyer  flask  in  which  the  hydrolysis  was 
carried  on  and  then  through  a  U-tube  which  held  a  caustic  soda  solution. 
In  this  way  most  of  the  hydrocyanic  add  was  fixed  as  it  was  liberated, 
which  prevented  it  from  being  oxidized  to  formic  add.  The  last  traces 
of  the  acid  were  removed  by  boiling  the  hydrolytic  solution  at  the  end 
of  the  reaction.  This  was  not  boiled  into  the  caustic  soda  solution,  how- 
ever, but  into  a  U-tube  which  contained  a  given  amount  of  standard 
silver  nitrate.  This  was  afterwards  transferred  to  a  100  cc.  measuring 
flask,  2  cc.  of  concentrated  nitric  add  added,  and  then  the  caustic  soda 

»  Fischer,  Ber,,  28,  1508. 

^  /.  Chem,  Soc.,  85,  15 17  (1904). 

•  Ibid.,  93,  1264  (1908). 
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solution  containing  the  cyanide,  and  filled  up  to  the  mark.  The  silver 
cyanide  was  filtered  out  and  the  filtrate  titrated  with  ammonium  thio- 

• 

cyanide.  The  reason  that  the  air  was  passed  through  caustic  soda  at 
first  and  not  through  silver  nitrate  was  because  the  silver  cyanide  which 
precipitated  clogged  up  the  small  glass  tubes  with  which  the  U-tube 
was  filled.  This  would  stop  the  flow  of  air  and  consequently  the  result 
was  of  no  use.  This  method  was  tested  and  found  satisfactory  by  putting 
standard  potassium  cyanide  solution  into  the  Erlenmeyer  flask  and  then 
admitting  dilute  sulftuic  acid,  the  hydrocyanic  add  being  carried  over 
and  estimated  as  specified  above.  The  Erlenmeyer  flasks  in  which 
the  hydrolysis  was  carried  on  were  kept  in  a  thermostat  at  41°  to  43^ 
for  the  length  of  time  specified. 


Amount  of 

^amycdalin  used. 

Cc 

Lcflfth 
of  thne 
hydrolyzed. 
Hotin. 

Number  of 
emulsin  uicd. 
Cc. 

Amount 

of  HCN 

produced. 

Oram. 

Per  cent 
decompoeftkm. 

10  of  3%  sol.  (3  H,0) 

34 

10 

0.01499 

94.9 

10%  (3  H,0) 

24 

10 

O.01510 

95-6 

10 

9 

10 

0.01240 

78.5 

10  of  3%  (anhyd.) 

4 

10 

0.00879 

49.6 

Raoemlc  Amygdalin. 

10  of  3%  (3  H,0) 

9 

ID 

0.01085 

68.9 

10 

24 

10 

0.01333 

77.5 

10 

24 

10 

0.01306 

76.3 

10 

42 

10 

0.01293 

81.8 

10 

42 

10 

0.01269 

80.3 

Dextro  Amygdalin. 

10  of  3%  (anhydrous) 

24 

10 

0.01607 

90.7 

10 

24 

10 

0.01558 

88.0 

10 

4 

10 

0.00803 

45.4 

It  is  obvious  from  the  above  results  that  the  dextro  amygdalin  as  well 
as  the  levo  amygdalin  is  hydrolyzed  into  benzaldehyde,  glucose  and 
hydrocyanic  acid,  though  at  a  slower  rate.  It  seems  hard  to  explain, 
however,  why  it  is  that  the  racemic  form  is  decomposed  more  slowly 
than  both  the  levo  and  the  dextro  separately.  There  were  a  great  many 
more  experiments  carried  out  than  the  ones  quoted  here,  but  none  of  them 
showed  greater  decomposition.  The  glucose  was  also  estimated,  both 
at  the  end  of  9  hours  and  at  24  hours.  At  the  end  of  9  hours,  1.92  grams 
were  liberated  from  3  grams  of  racemic  amygdalin  (3  H,0),  or  91%,  and 
at  the  end  of  24  hotu-s,  2  grams,  or  94.7%.  This  showed  that  the  most 
of  the  undecomposed  substance  was  the  manddonitrile,  which  was  veri- 
fied by  the  following  experiment: 

Fifteen  grams  of  racemic  amygdalin  were  made  up  approximately 
to  250  cc.  with  water,  i  gram  of  emulsin  added  and  the  fiask  thoroughly 
shaken.  It  was  kept  in  the  thermostat  at  41^  for  15  hours  and  then 
extracted  twice  with  150  cc.  of  ether  each  time.     When  the  ether  was 
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evaporated  to  a  volume  of  50  cc.  it  was  examined  in  a  polariscope  and 
found  to  be  quite  inactive.  The  rest  of  the  ether  evaporated  spontaneously 
leaving  an  oily  residue  which  had  a  very  strong  odor  of  benzaldehyde. 
This  re^due  was  hydrolyzed  with  hydrochloric  acid  and  evaporated  to 
dryness,  then  extracted  3  times  with  ether.  It  left  a  solid,  0.776  gram, 
which  was  filtered  off  and  dried.  This  was  dissolved  and  the  solution 
made  up  to  100  cc.,  20  cc.  were  added  to  35  cc.  o.i  N  silver  nitrate.  It 
required  28.35  cc.  of  iV/47  ammonium  thiocyanate  to  titrate  the  excess 
of  silver.  Prom  this  titration  the  100  cc.  would  contain  0.7768  gram  of 
ammonium  chloride,  which  would  be  the  amount  yielded  from  1.929 
grams  of  nitrile,  or  49.4%  of  the  total  quantity  in  15  grams  of  amygdalin. 

ID.  Synthesis  of  Active  Benzaldehydecyanhydrin  from  Benzaldehyde  and 

Hydrocyanic  Acid  with  Emulsin. 

Dtuing  the  time  the  above  experiments  were  being  carried  out  there 
appeared  a  paper  by  Feist*  in  which  it  was  pointed  out  that  if  emulsin 
was  allowed  to  act  on  a  solution  containing  amygdalin  for  several  days 
and  then  extracted  with  ether,  the  ether  was  always  found  to  be  dextro 
rotatory.  This  activity  was  shown  to  be  due  to  rf-mandelonitrije,  which 
Feist  supposed  was  one  of  the  primary  decomposition  products.  Several 
months  later,  Rosenthaler'  showed  that  benzaldehyde  and  hydrocyanic 
acid  in  the  presence  of  emulsin  formed  (i-mandelonitrile,  which  put  Feist's 
supposition  in  doubt,  because  the  chances  are  even  that  the  active  nitrile 
which  he  isolated  was  a  synthetic  product  and  not  a  decomposition 
product.  This  was  followed  by  a  paper  by  Auld,'  who  showed  that  the 
nitrile  was  produced  much  faster  from  benzaldehyde  and  hydrocyanic 
add  than  from  an  equivalent  concentration  of  /-amygdalin,  using  the 
same  quantity  of  emulsin.  Auld  argued,  therefore,  that  it  was  exceed- 
ingly probable  that  the  nitrile  always  found  in  emulsin  hydrolytic  solu- 
tions was  a  secondary  product  formed  from  the  benzaldehyde  and  hydro- 
cyanic acid  and  not  a  primary  decomposition  product  as  supposed  by 
Feist.  Feist  repeated  his  original  experiment  with  a  new  sample  of 
emulsin  and  found  that  the  activity  was  much  less  than  in  his  first  experi- 
ment. This  demonstrated  that  not  all  emulsins  were  alike,  which  made 
us  curious  to  see  what  our  emulsin  did,  especially  since  the  ethereal  ex- 
tract from  the  racemic  amygdalin  showed  no  activity. 

Five  grams  of  /-amygdalin  were  dissolved  in  75  cc.  of  water  and  0.5 
gram  emulsin  added.  The  flask  was  thoroughly  shaken  and  kept  in  a 
thermostat  at  41°  for  3V2  hours.  The  emulsin  was  precipitated,  the 
solution  filtered  and  extracted  with  ether.  The  solvent  was  distilled  to 
15  cc.  and  examined  in  a  polariscope  tube,  but  it  was  foimd  to  be  inactive. 

'  Arch.  Pharm.^  246,  206-9  (1908). 

*  Ibid,,  246,  365-6  (1908). 

•  /.  Chem.  Soc.,  95,  927  (1909). 
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Since  this  was  inactive,  Rosenthaler's  experiment  was  tried.  Four-tenths 
gram  of  emulsin  was  dissolved  in  25  cc.  of  water  to  which  was  added- 
20  cc.  of  1.62%  hydrocyanic  acid  and  2  cc.  of  benzaldehyde.  This  solu- 
tion was  kept  at  25^  for  3V2  hours,  then  filtered  through  a  filter  covered 
with  freshly  precipitated  alumina  and  the  filtrate  extracted  with  20  cc. 
of  ether.  In  the  first  two  experiments  there  was  no  activity  noticed  in 
this  ethereal  solution,  but  the  third  had  a  dextro  rotation  of  0.15®  in  a 
2  dcm.  tube.  This  is  very  small,  however,  as  Rosenthaler,  with  the  same 
conditions,  got  an  activity  of  over  a  degree.  Consequently  this  sample 
of  emulsin  contains  very  little  of  the  synthetic  enzyme.  As  there  was 
another  unopened  sample  of  Kahlbaum's  emulsin  in  the  laboratory, 
this  was  also  tried.  In  an  experiment  carried  out  identically  to  the  one 
above  the  ether  extract  when  examined  in  a  2  dcm.  tube  had  a  dextro 
rotation  of  0.95  *'.  This  was  repeated  and  the  second  time  the  activity 
in  a  2  dcm.  tube  was  0.98  ®.  This  time  the  ether  was  completely  evaporated 
and  the  nitrile  which  was  left  was  hydrolyzed  with  hydrochloric  add. 
The  mandelic  acid  was  not  extracted,  but  the  hydrolytic  solution  itself 
(50  cc.)  was  examined  in  the  polariscope.  In  a  2  dcm.  tube  its  activity 
was  — 1.80^.  This  confirmed  Feist's  results  that  emulsin  does  not  always 
contain  the  same  quantity  of  the  synthetic  enzyme. 

/-Amygdalin  was  also  hydrolyzed  with  this  emulsin  to  see  if  more  active 
nitrile  could  be  obtained  than  with  the  old  emulsin.  Five  grams  of 
Z-amygdalin  were  dissolved  in  75  cc.  of  water  and  i  gram  of  the  new  emulsin 
added.  It  was  kept  at  40°  for  3V3  hours,  then  extracted  with  20  cc. 
of  ether.  This  had  a  levo  activity  of  0.17°  in  a  2  dcm.  tube.  In  the 
second  experiment  only  V2  gram  of  emulsin  was  used.  The  activity 
this  time  was  — 0.15®.  The  third  time  the  hydrolysis  was  allowed  to 
go  on  for  24  hours  instead  of  3V3  and  this  time  the  activity  was  only 
— 0.12°.  The  ether  solutions  from  the  three  experiments  were  poured 
together,  the  solvent  evaporated  and  the  residue  hydrolyzed  with  hydro- 
chloric acid.  The  mandelic  acid  was  extracted  and  dissolved  in  enough 
water  to  make  25  cc.  This  solution  had  an  angle  of  4-0.6®  in  a  2  dcm. 
tube.  This  is  a  surprising  residt  as  Feist,  Rosenthaler,  and  Auld  always 
got  a  dextro  nitrile  yielding  levo  mandelic  acid  upon  hydrolysis.  To 
make  perfectly  sure  that  our  nitrile  was  actually  levo,  the  experiment 
was  repeated  using  10  grams  of  /-amygdalin  and  i  gram  of  emulsin.  But 
the  ether  solution  again  had  an  activity  of  — o.io®,  and  when  the  nitrile 
was  hydrolyzed  and  the  mandelic  acid  made  up  to  25  cc,  it  had  a  dextro 
rotation  of  0.35  ®.  Here  then  we  have  an  example  where  emulsin  produces 
a  dextro  mandelonitrile  from  commercial  benzaldehyde  and  hydrocyanic 
acid  and  a  levo  nitrile  when  these  two  chemical  compounds  are  obtained 
from  /-amygdalin,  because  we  cannot  argue  that  the  levo  nitrile  obtained 
in  the  second  case  is  a  primary  decomposition  product  since  the  /-amyg- 
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dalixi  contains  dextro  mandeloxiitrile.  This  looks  as  though  there  might 
be  two  different  benzaldehydes  but  this  assumption  could  not  be  proved 
definitely.  As  the  first  sample  of  emulsin  produced  very  little  active 
nitrile,  it  was  used  to  hydrolyze  /-amygdalin  and  the  benzaldehyde  ob- 
tained was  used  instead  of  the  commercial  in  a  synthetic  experiment. 
The  experiment  was  carried  out  in  the  following  manner:  Ten  grams 
of  /-amygdalin  and  i  gram  emulsin  (old)  were  dissolved  in  150  cc.  water 
and  kept  at  40°  for  3Vj  hoiu^.  The  enzyme  was  precipitated  with  a 
drop  of  acetic  acid  and  filtered  out.  The  filtrate  was  extracted  with 
ether  and  the  solvent  evaporated.  To  2  cc.  of  this  residue  Vi  gram  of 
emulsin,  dissolved  in  20  cc.  water,  was  added  and  25  cc.  of  the  hydro- 
cyanic solution  (1.62%).  This  solution  was  kept  at  25°  for  3V8  hours, 
when  the  emulsin  was  again  precipitated  and  the  clear  filtrate  extracted 
with  ether.  The  residue  after  the  solvent  was  evaporated  was  hydrol3rzed 
with  hydrochloric  acid.  The  hydrol3^c  solution  (25  cc.)  had  an  angle 
of  — 0.90**  in  a  2  dcm.  tube,  showing  that  dextro  nitrile  was  produced. 
If  the  formation  of  the  two  different  nitriles  is  due  to  two  different  varieties 
of  benzaldehyde,  the  benzaldehyde  in  the  last  case  must  have  been  trans- 
formed to  the  commercial  variety  during  extraction  because  it  yielded 
the  same  nitrile  when  treated  with  emulsin. 

Since  the  /-amygdalin  gave  /-nitrile  when  treated  with  new  emulsin, 
it  seemed  interesting  to  see  what  nitrile  the  c{-amygdalin  produced.  Five 
grams  of  d-amygdalin  and  Va  gram  of  new  emidsin  were  dissolved  in  75 
cc.  of  water  and  kept  at  40°  for  3V3  hours.  After  the  emulsin  was  pre- 
cipitated and  filtered  out  the  solution  was  extracted  with  ether.  When 
the  solvent  was  evaporated  to  20  cc.  it  was  found  to  have  an  activity  of 
— 0.12°  in  a  2  dcm.  tube.  The  nitrile  was  hydrolyzed  with  hydrochloric 
acid  and  the  hydrolytic  solution  (15  cc.)  had  an  angle  of  -f  0.85®  in  a 
2  dcm.  tube.  Whether  all  the  /-mandelonitrile  in  this  case  is  a  primary 
product  of  decomposition  or  a  secondary  product  is  hard  to  say,  but 
it  is  exceedingly  likely  that  a  large  part  is  a  secondary  product  because 
the  same  nitrile  is  formed  when  /-amygdalin  is  used,  where  it  must  be 
secondary. 

There  seems  to  be  only  one  other  apparent  explanation  for  the  pro- 
duction of  these  two  mandelonitriles,  if  one  does  not  assume  that  there 
are  two  benzaldehydes.  There  might  be  something  in  the  solution  which 
added  on  in  some  way  to  the  emulsin  and  this  addition  product  might 
then  synthesize  the  other  optically  active  nitrile.  Now  the  only  substance 
present  in  both  the  hydrolysis  of  the  /-  and  the  {/-amygdalin  and  not 
when  the  nitrile  is  synthesized  from  benzaldehyde  and  hydrocyanic  add 
is  glucose.  The  following  experiment  was  carried  out  to  exclude  this 
possibility : 

Five  grams  emulsin  and  2  grams  glucose  were  dissolved  in  25  cc  water 
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to  which  25  cc.  of  hydrocyanic  solution  and  2  cc.  benzaldehyde  were  added. 
After  3V3  hours,  the  usual  extraction  was  effected  and  the  nitrile  hydro- 
lyzed  with  hydrochloric  acid.  The  hydrochloric  acid  solution  (50  cc.) 
showed  a  rotation  of  — i  .45  **  in  a  2  dcm.  tube.  The  presence  of  the  glucose, 
therefore,  did  not  change  the  activity  from  dextro  to  levo. 

Another  experiment  was  carried  out  similar  to  the  one  above  only  sub- 
stituting for  glucose  /-amygdalin,  but  the  resulting  mandelic  add  was 
levo  active. 

Investigations  will  be  continued  on  this  subject  to  discover  if  possible 
the  cause  for  the  production  of  these  two  nitriles.  The  barks  and  leaves 
of  wild  cherry  and  elder  berry  will  also  be  extracted  to  see  if  there  is  any 
difference  in  the  emulsin  produced. 

In  conclusion,  I  wish  to  thank  Dr.  Walker  for  proposing  this  investi- 
gation and  for  his  suggestions  and  interest  during  its  progress;  also 
Dr.  Mcintosh  for  many  practical  suggestions. 

McOnx  UNiTxiunTT.  Montssal.  Canada. 
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THE  CASTOR  BEAN  LIPASE. 

By  K.  GaoBOB  Palx  and  J.  M.  Nnuon. 
Received  March  8.  1912. 

This  investigation  was  undertaken  with  the  object  of  studying  the  action 
of  a  fat  or  ester  splitting  ferment  (lipase)  more  particularly  from  the 
point  of  view  of  the  ferment  itself  and  its  behavior  under  varying  con- 
ditions. The  lipase  present  in  castor  beans  was  chosen  as  most  suitable 
for  the  present  work. 

The  lipase  preparation  used  in  the  experiments  was  prepared  as  follows: 
The  castor  beans*  were  ground  roughly,  extracted  a  number  of  times  with 
carbon  tetrachloride  or  chloroform,'  then  ground  to  a  fine  powder  and 
passed  through  a  loo-mesh  sifter.  In  this  way  a  large  portion  of  the 
shells  were  separated.  The  fine  powder  was  then  extracted  exhaustively 
with  ether  (100  times  or  more)  in  a  Soxhlet  extractor,  practically  all 
of  the  fat  being  removed  in  this  way.*  The  following  experiment  shows 
the  activity  of  the  preparation  at  the  different  stages:  2  cc.  olive  oil 
and  50  cc.  water  were  treated  with  the  substances  stated  for  17  hours  at 
38°  and  the  acid  present  then  titrated  with  a  o.i  iV  sodium  hydroxide 
solution,  using  phenolphthalein  as  indicator.  No  castor  bean  present  = 
0.6  cc.  alkali  required;  0.2  gram  castor  beans  before  sifting  =  1.0  cc; 
0.2  gram  castor  beans  after  sifting  (shells  removed)   =1.9  cc;  0.2  gram 

*  The  castor  beans  were  sappUed  by  the  Baker  Castor  Oil  Company  of  New  York. 

*  This  extraction  was  carried  out  by  Mr.  C.  W.  Otto. 

*  Cf.  A.  E.  Taylor,  /.  Biol.  Chem.,  2,  87  (1906),  for  the  preparation  of  the  Hpase 
material  from  castor  beans  and  a  careful  study  of  its  properties. 
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castor  beans  after  sifting  and  extraction  vnth  ether  =  1.7  cc.  This  gives 
an  approximate  idea  of  the  activity  of  the  preparation.  The  olive  oil 
used  here  was  itself  slightly  acid  in  reaction  and  became  more  so  on 
standing  at  the  temperature  in  question  in  contact  with  water.  The 
removal  of  the  shells  increased  the  activity  markedly  for  the  same  weight 
of  substance,  as  the  shells  do  not  contain  the  active  constituent/  while 
the  extraction  with  ether  had  very  little  efifect,  the  slight  decrease  prob- 
ably being  due  to  the  solubility  of  lipase  in  ether  containing  a  fatty  body, 
as  Taylor  pointed  out. 

In  the  experiments  to  be  described,  imless  expressly  stated  to  the  con- 
trary, no  substance  was  added  to  the  lipase  mixture  to  increase  the 
activity,  either  to  form  a  more  stable  emulsion,  increase  the  solubility, 
or  act  as  activator.'  No  attempts  were  made  to  find  the  conditions  for 
maximum  action.  The  hydrolyses  obtained  are  therefore,  as  a  rule, 
smaller  in  magnitude  than  those  fotmd  by  others.  Blanik  experiments 
were  carried  out  with  each  series  of  experiments  with  lipase  and  ester, 
using  lipase  (and  solvent)  alone  and  ester  (and  solvent)  alone;  in  this 
way  corrections  were  introduced  and  the  action  of  the  lipase  on  the  ester 
alone  could  be  more  closely  approximated,  although  an  uncertainty  may 
be  introduced  by  the  possibility  of  a  more  complex  action  between  lipase, 
ester  and  solvent  aside  from  the  hydrol3rtic  action,  compared  with  the 
sum  of  the  actions  of  lipase  and  solvent  and  ester  and  solvent  used  as 
correction.  The  amount  of  ester  hydrolyzed  was  measured  in  every 
case  by  titrating  with  a  o.i  iV  aqueous  solution  of  sodium  hydroxide, 
using  3-5  drops  of  a  1%  solution  of  phenolphthalein  in  95%  ethyl  alcohol 
as  indicator  and  titrating  to  a  distinct  pink  color.  Owing  to  the  presence 
of  the  solid  suspension  (lipase  preparation),  the  end-point  was  some- 
times difficult  to  determin,  but  in  general  the  titrations  were  accurate  to 
o.i  cc.  and  in  some  cases  where  particular  difficulty  was  encountered, 
to  0.2  cc. 

The  castor  bean  lipase  preparation  as  used  in  the  following  experi- 
ments still  contained  a  small  proportion  of  shells.  The  preparation  was 
light  gray  in  color  and  on  ignition  gave  a  residue  of  white  ash  amoimting 
to  9%.  The  preparation  was  slightly  acid  in  reaction  when  mixed  with 
water,  0.2  gram  requiring  0.2  cc.  0.1  N  sodium  hydroxide  solution 
for  neutrality  to  be  attained.  The  acidity  increased  slowly  on  standing, 
but  whether  this  was  due  to  a  minute  quantity  of  oil  which  had  not  been 
removed  by  the  ether  and  which  was  slowly  hydrolyzed,  or  to  the  slow 

*  Nidoux,  Mem.  See,  Biol.,  56,  701,  839,  868  (1904). 

'  Cf.  Rosenheim  and  Shaw-Mackenzie,  Proc,  Lond.  J,  Physiol,  40,  I,  II,  III,  Feb., 
1 910,  for  the  effect  of  emulsification  with  pancreas  lipase  and  for  the  action  of  activa- 
tors. Also  Armstrong  and  Ormerod,  Proc,  Roy,  Soc,,  789  376  (1906),  and  others. 
Recently,  Jalander,  Biockem.  Z.,  36,  437  (1911)1  followed  the  f<»ination  of  the  lipase- 
fat  emulsion  with  the  microscope. 
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decomposition  of  some  of  the  substances  present  in  the  lipase  preparation 
itself  with  the  formation  of  acid,  cannot  be  stated.  In  view  of  the  long 
continued  extraction  with  ether,  the  balance  of  probability  would  appear 
to  rest  with  the  latter  view. 

The  general  outline  of  the  experiments  performed  for  studying  the 
hydrolytic  action  of  the  lipase  preparation  was  as  follows:  Three  esters 
were  studied :  methyl  acetate,  an  example  of  a  simple  ester  soluble  in  water ; 
ethyl  butyrate,  which  has  been  extensively  used  in  investigations  of  this 
kind;  and  olive  oil,  as  a  substance  closely  related  to  the  fats.  After  some 
comparative  experiments  in  aqueous  solution  (experiments  1-12  in 
Table  I) ,  a  number  of  experiments  were  carried  out  with  different  amotmts 
of  alkali  added  initially  to  determin  what  action,  if  any,  the  small  amount 
of  add  always  present  in  the  lipase  preparation  exerted  (experiments 
13-30).  To  test  this  point  further,  measurements  were  also  made  in 
moist  ether,  and  acetone  containing  a  small  amount  of  water,  both  at 
the  ordinary  and  at  somewhat  higher  temperature  (experiments  32-53). 
No  experiment  was  allowed  to  last  for  more  than  50  hours  on  account  of 
the  possibility  of  complicating  the  reaction  by  the  continual  increase  in 
acidity  of  the  lipase  preparation  itself. 

Table  I  summarizes  the  results  obtained.  The  first  column  shows  the 
ntmiber  of  the  experiment.  Each  experiment  consists  of  three  separate 
measurements,  the  results  of  which  are  shown  in  columns  7,  8,  and  9. 
The  amotmts  of  substances  used  shown  in  coltunns  2,  3,  and  4  refer  in 
each  experiment  to  the  three  sets  of  measurements.  The  esters  used 
(colunm  2)  were  methyl  acetate — MeAc — obtained  from  Kahlbaum  and 
redistilled  after  treatment  with  sodium  carbonate;  ethyl  butyrate — 
EtBu — ^purified  by  washing  the  ethereal  solution  free  from  acid  and 
subsequent  redistillation;  and  olive  oil,  the  purest  obtainable,  and  unless 
stated  to  the  contrary,  neutral  in  reaction  before  the  experiment.  The 
solvents  are  shown  in  coltunn  3,  moist  ether  referring  to  ether  saturated 
with  water  at  room  temperature.  Coltunns  4,  5,  and  6  refer  respectively 
to  the  weights  of  lipase  preparation  used,  the  duration  of  the  experiments 
and  the  temperatures  maintained.  Columns  7,  8,  and  9  show  the  ex- 
perimental results  fotmd  for  each  set  of  measurements,  first  with  lipase, 
ester,  and  solvent,  and  then  with  ester  and  solvent  alone,  and  with  lipase 
and  solvent  alone.  The  ntunbers  refer  to  the  number  of  cubic  centimeters 
of  a  o.i  N  aqueous  solution  of  soditun  hydroxide  required  to  produce 
a  distinct  pink  color  with  phenolphthalein.  For  the  experiments  in 
which  ether  or  acetone  was  used  as  solvent,  50  cc.  of  water  were 
added  before  the  titration  and  the  solution  thoroughly  agitated  after 
each  addition  of  alkali.  A  satisfactory  end-point  was  obtained  in  this 
way.  Column  10  gives  the  difference  between  the  results  in  column  7 
and  the  sum  of  the  results  in  columns  8  and  9 ;  that  is  to  say,  the  amotmt 
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of  action^  between  the  lipase  and  the  ester  in  the  production  of  acid  after 
subtracting  the  changes  which  the  lipase  preparation  alone  and  the  ester 
alone  had  undergone  in  the  presence  of  the  solvent.  A  few  drops  of 
toluene  were  added  to  each  solution  as  antiseptic. 

Before  discussing  the  restdts  shown  in  the  table  in  detail,  some  general 
remarks  may  be  made.  The  correction  due  to  the  action  between  ester  and 
solvent  is  as]  a]  rule  small  (omitting  experiment  31  in  which  a  hydrochloric 
acid  solution^was  used  as  solvent) ,  exceeding  0.2  cc.  in  9  cases  out  of  52  and 
0.35  cc.  in  only  2  (experiments  i  and  4)  in  which  ester  was  used  which  was 
originally  slightly  acid.  The  correction  due  to  the  action  between  lipase 
and  solvent  is  more  variable.  This  correction  was  determined  in  every 
case  with  some  of  the  same  lipase  preparation  used  with  the  ester  and 
made  up  with  some  of  the  same  solvent,  and  treated  in  an  identical  manner. 
In  this  way  it  was  hoped  to  introduce  a  more  exact  correction  than  if 
an  average  change  of  the  lipase  preparation  with  the  solvent  had  been 
taken  from  a  large  number  of  separate  experiments.  It  must  be  stated, 
however,  that  in  two  or  three  experiments  (not  given  in  the  table)  the  lipase 
preparation  after  standing  in  contact  with  the  solvent  showed  a  very 
large  increase  in  acidity,  such  as  would  give  a  considerable  negative  value 
for  the  action  between  lipase  and  ester.  This  only  occurred  in  isolated 
cases  and  never  for  both  parts  of  duplicate  experiments  carried  on 
simidtaneously.  This  change  must  therefore  be  considered  as  out  of  the 
ordinary  and  due  to  some  unknown  reaction  in  the  lipase  preparation. 
It  is  not  considered  further  here,  but  the  possibility  of  this  occasional 
large  increase  must  be  kept  in  mind  in  considering  any  apparently  ex- 
ceptional experiment,  as  will  appear  later. 

In  (i)'  the  ester,  methyl  acetate,  and  lipase  were  slightly  acid  in  char- 
acter initially,  making  the  correction  terms  rather  large.  The  corrected 
action  between  lipase  and  ester  is  somewhat  larger  than  that  fotmd  in 
(2)  but  a  strict  comparison  is  not  permissible  as  different  amounts  of  ester 
and  solvent  were  used.  The  results  of  (3)  and  (4)  call  for  no  special 
remark.  With  ethyl  butyrate  (5-9)  the  amount  of  ester  used  exerts  no 
influence  (7,8),  doubtless  on  account  of  its  limited  solubility,  and,  with 
an  excess  present,  constant  concentration  in  solution.  There  is  con- 
siderably less  action  than  with  methyl  acetate,  but  a  comparison  with 
these  results  is  impracticable.  This  can,  of  course,  only  be  done  satis- 
factorily with  equivalent  amoimts  of  ester  wholly  in  solution.  With  a 
larger  quantity  of  lipase  (9)  there  is  more  than  a  proportionately  greater 

'  Strictly  speaking,  to  this  should  be  added  the  amount  of  alkali  necessary  to 
produce  the  same  pink  color  with  phenolphthalein,  as  this  color  was  produced  twice 
with  the  experiments  in  columns  8  and  9,  and  once  with  the  experiment  in  column  7. 
This  correction  was  not  introduced,  as  the  experimental  error  doubtless  exceeds  it. 

*  The  numbers  in  parentheses  refer  to  the  numbers  of  the  experiments  in  Table  I. 
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action.    With  olive  oil  (10-12)  there  is  much  less  action  than  with  the 
simple  esters,  probably  on  account  of  its  slight  solubility. 

Since,  in  these  experiments,  the  lipase  preparation  was  slightly  acid  in 
character,  attempts  were  made  to  eliminate  this  acidity  and  to  follow  the 
action,  starting  with  a  medium  neutral  toward  phenolphthalein.'  As 
stated  before,  0.2  gram  of  the  preparation  required  0.2  cc.  o.i  N 
sodium  hydroxide  solution.  Three  series  of  experiments  were  carried  out 
with  each  ester  and  0.2  gram  of  lipase  preparation;  one  in  which  0.2  cc.  o.  i 
normal  sodium  hydroxide  solution  were  added  initially  (13-18,  23-26, 
32-35);  one  in  which  0.27  cc.  were  added  (19-20,  27-28,  36-37);  and  one 
in  which  0.45  cc.  were  added  (21-22,  29-30,  38-39).  Results  were  ob- 
tained for  two-time  intervals;  20-24  hours  and  42-50  hours. 

With  methyl  acetate  and  0.2  cc.  alkali  (13-15)  at  20^  there  is  con- 
siderably more  action  (in  the  ratio  of  3-2)  for  the  time  interval  of  42  or 
46  hours  than  for  22  hours.  At  38®,  however  (16-18)  there  is  the  same 
apparent  action  for  the  two-time  intervals,  although  the  correction  for 
the  lipase-solvent  action  appears  rather  large  for  the  longer  intervals. 
This  will  be  referred  to  again  presently.  With  0.27  cc.  (19,  20)  and 
0.45  cc.  (21,  22)  alkali  the  action  is  practically  identical  with  that  ob- 
served at  20^  and  0.2  cc.  alkali,  the  ratio  of  the  amounts  of  action  being 
about  3  :  2  for  the  two-time  intervals.  Including  the  results  of  experi- 
ments 2  and  3,  for  an  experiment  lasting  20-23  hours,  the  amount  of  action 
was  found  to  be  i. 05-1. 20  cc.  alkali  at  20®  or  at  38 ^^  in  the  presence  or 
absence  of  initially  added  alkali  in  amount  up  to  0.45  cc.  o.i  A^  sodium 
hydroxide  solution.'  For  an  experiment  lasting  42-46  hours,  the  action 
was  approximately  1.80  cc.  at  20^  with  or  without  0.2  cc.  added  alkali 
and  at  38®  with  0.27  cc.  or  0.45  cc.  added  alkali.  Schiitz's  rule  that 
with  the  same  amotmt  of  enzyme  material,  the  amotmts  hydrolyzed  are 
proportional  to  the  square  roots  of  the  times  of  action  is  approximately 
followed  here;  amounts  hydrolyzed  3:2;  times  of  action  2:1.  The 
fact  that  at  38°,  42-46  hours  and  with  0.2  cc.  NaOH  solution  added 
initially  (16-18),  the  experiments  (17-18)  show  no  difference  as  compared 
with  the  action  for  22  hours,  in  view  of  the  results  just  discussed,  throws 
doubt  on  these  (17-18),  results,  and  as  the  lipase-solvent  correction  is 
markedly  higher  here,  this  must  be  ascribed  to  experimental  error,  and 
as  pointed  out  in  the  general  discussion,  to  the  high  value  for  the  lipase- 
solvent  correction.  Experiments  26  and  35  were  carried  on  simultaneously 
with  the  same  lipase-solvent  blank,  and  the  results  obtained  with  these 
must  therefore  also  be  viewed  with  caution. 

^  Annttrong,  Proc.  Roy.  Sifc.,  76,  (B)  606  (1905),  studied  the  addition  of  various 
adds  to  the  castor  bean  lipase  and  the  dependence  of  the  activity  upon  the  add  added. 
This  question  was  also  studied  by  Connstein,  Hoyer  and  Wartenberg,  Ber.,  35,  3988 
(1902),  Hoyer,  Z.  physioL  Chem,,  50,  414  (1904)  and  others. 

*  Esperiment  (i)  is  omitted  on  account  of  the  initial  higher  oddity. 
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With  ethyl  but3Tate,  somewhat  different  results  were  fotind  (experi- 
ments 5-8  are  included  in  this  discussion).  At  38°,  for  20-23  hours, 
and  for  the  amounts  of  alkali  added  of  o,  0.2,  0.27,  0.45  cc.  (5,  25,  27,  29) 
the  corresponding  actions  were  i.oo,  0.85, 0.70,  0.50  cc.  alkali,  respectively. 
For  44-50  hoiu:s  (6,  26,  28,  30)  the  actions  were  1.60,  0.60,*  0.85, 0.55  cc.. 
respectively.  The  addition  of  alkali  evidently  exerted  a  marked  in- 
fluence here.  With  none  present,  the  ratio  between  the  amounts  of 
action  for  the  two-time  intervals  was  about  the  same  as  with  the  experi- 
ments with  methyl  acetate,  obeying  Schiitz's  rule,  but  the  actions  de- 
creased and  the  differences  between  the  amotmts  of  action  for  the  two- 
time  intervals  also  decreased  as  the  amotmt  of  alkali  added  initially  was 
increased. 

With  olive  oil,  the  amotmt  of  action  for  the  shorter  time  interval  was 
very  small  in  every  experiment  (10,  32,  34,  36,  38),  in  no  case  exceeding 
0.2  cc.  alkali.  The  initial  presence  of  alkali  produced  no  apparent  effect 
on  the  amount  of  hydrolysis.  For  the  longer  time  intervals  and  0.2 
gram  lipase  preparation,  the  action  varied  from  0.05  cc.  alkali  at  20** 
(33)1  to  0.25-0.80  cc.  alkali  at  38**  (35,  37,  39),  with  no  apparent  regu- 
larity as  regards  the  amount  of  alkali  added  initially.  A  number  of 
experiments  were  carried  out  in  which  the  olive  oil  was  used  as  an  emulsion 
formed  by  adding  its  solution  in  a  small  quantity  of  acetone  to  the  desired 
amount  of  water.  The  lipase  preparation  and  either  acid  or  alkali  as 
desired,  were  then  added  and  the  further  manipulations  performed  as 
in  the  other  experiments.  The  results  obtained  showed  no  more  satis- 
factory regularities  than  those  which  have  been  quoted  with  unemulsified 
olive  oil,  and  are  therefore  not  given  in  detail.  In  all  these  experiments 
with  olive  oil,  whether  emtilsified  or  not,  after  adding  the  desired  con- 
stituents, the  mixtures  were  thoroughly  agitated  for  a  few  seconds  and 
then  allowed  to  remain  at  the  temperature  in  question  until  titrated 
(at  the  room  temperature). 

Experiment  31  is  shown  for  the  sake  of  comparison.  The  ester-solvent 
correction  is  large  because  of  the  hydrolysis  of  the  ester  by  the  hydro- 
chloric acid.  This  correction  is  of  doubtful  accuracy,  as  the  acid  added 
to  a  lipase  preparation,  such  as  used  here  may  well  have  been  taken  up 
by  some  basic  body,  resulting  in  a  much  smaller  acidity  than  was  used 
in  the  correction  experiment. 

In  the  experiments  in  which  alkali  was  added  initially,  the  weight 
of  lipase  preparation  used  required  0.2  cc.  o.i  N  sodium  hydroxide 
solution  for  neutrality  to  be  attained.  The  first  action  of  any  added 
alkali  doubtless  would  be  to  neutralize  this  small  amount  of  free  acid. 
Any  further  addition  of  alkali  would,  in  the  course  of  a  short  time,  be 
neutralized  by  the  acid  formed  by  the  saponification  of  the  ester  added 
*■  This  is  the  value  from  (26)  and  as  stated  before,  is  protiably  low  (04-0.6  cc.). 
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(with  the  simple  esters  at  any  rate)  or  by  the  acid  produced  in  some  way 
from-  the  lipase  preparation  (as  made  evident  by  the  lipase-solvent  ex- 
periments). Before  this  takes  place,  however,  certain  changes  may  be 
effected  in  the  medium  by  the  free  alkali,  such  as  the  formation  of  an 
emulsion,  temporary  or  permanent,  or  in  the  lipase  preparation  itself, 
and  these  unknown  changes  may  influence  the  hydrolyzing  power  of  the 
lipase.  In  the  experiments  with  methyl  acetate,  alkali  appears  to  exert 
no  lasting  influence  on  the  amount  of  hydrolysis  or  add  formation  from 
lipase  and  ester,  as  very  nearly  the  same  results  were  obtained  whether 
alkali  was  added  or  not.'  This  may  have  been  due  to  the  greater  solu- 
bility of  this  ester  as  compared  with  the  other  esters,  or  to  the  rapid 
neutralization. of  the  small  excess  of  alkali  added  by  the  hydrolysis  of  the 
ester,  removing  the  alkali  before  any  permanent  change  was  caused  in  the 
solution.  With  ethyl  butyrate  the  results  show  a  different  action  and 
evidently  there  is  some  direct  influence  of  the  alkali  on  the  reaction. 
With  olive  oil  the  results  do  not  point  to  any  definit  conclusion. 

The  small  acidity  of  the  lipase  preparation  represents  the  total  free 
adds  present  and  since  these  are  doubtless  organic  adds,^  the  degree  of 
ionization  and  therefore  the  H"^  ion  concentration  must  be  very  small. 
In  order  to  test  the  possible  action  due  to  the  H*^  ions  in  a  somewhat 
different  way,  some  experiments  were  carried  out  in  ether  and  in  acetone 
solutions  containing  small  amounts  of  water  in  which  the  small  H+  ion 
concentration  would  be  expected  to  be  very  much  decreased. 

In  ether  sattirated  with  water  as  solvent,  (40)  shows  the  action  with 
methyl  acetate  to  be  about  one- third  as  great  as  in  aqueous  solution  (3). 
The  action  at  20^  appeared  to  be  approximately  proportional  to  the 
weight  of  lipase  preparation  used  (40-41).  In  (42),  the  solutions  were 
boiled,  using  reflux  condensers,  and  an  amount  of  action  was  obtained 
in  6V4  hours  at  this  temperature,  35-40°,  about  equal  to  the  action 
which  would  have  been  obtained  with  the  same  wdght  of  lipase  prepara- 
tion at  20°  in  48  hours.  In  acetone  containing  small  amounts  of  water 
(43-44)  there  was  less  action  than  in  ether,  but  at  20°,  with  0.5  gram  of 
lipase  preparation  there  was  still  considerable  action  in  42  hoturs.  In 
(45)  the  solutions  were  boiled  (reflux  condensers)  and  in  spite  of  the  high 
temperatures  of  the  boiling  acetone  solutions,  a  fair  amount  of  action  was 
shown. 

With  ethyl  butjrrate  and  ether  saturated  with  water,  or  acetone  con- 
taining water  as  solvent,  action  was  obtained  only  when  i.o  gram  of 
lipase  preparation  was  used  (49-51).  With  olive  oil  and  these  solvents 
(52-53),  the  action  was  only  slight  under  the  same  conditions. 

The  extraction  of  the  active  constituent  of  the  castor  bean  by  water 
and  by  ethyl  acetate  was  also  studied. 

^  Mainly  lactic  add  aocordiiig  to  Hoyer,  Loc.  ciL 
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Three  grams  of  the  lipase  preparation  were  ground  with  20  cc.  of  water 
in  a  mortar  and  filtered  through  a  thin  asbestos  mat.  The  filtrate  was 
yellow  in  color  and  clear,  but  on  standing  became  opalescent.  Portions 
of  2.5  cc.  diluted  with  25  cc.  water  and  treated  with  methyl  acetate  for 
18  hours  at  38®  gave  the  following  results: 

2.5  cc.  extract  i  cc.  MeAc  25  cc.  water  required  1.3  cc.  0,1  N  NaOH. 

2.5  cc.  extract  25  cc.  water  required  0.3  cc.  o.i  N  NaOH. 

z  oe.  MeAc  25  cc.  water  icquired  oj^  cc.  o.i  N  N%OH. 

The  action  was  therefore  found  to  be  0.6  cc.  0.1  iV  sodium  hydroxide 
solution.  Compared  with  experiments  i  and  2  in  Table  I,  it  is  seen  that 
the  action  is  much  less,  especially  when  it  is  considered  that  a  larger 
amount  of  lipase  preparation  was  used.  The  same  results  was  found  by 
Taylor,*  who  stated  that  some  lipase  is  contained  in  a  solution  after 
filtration  through  paper,  but  much  less  than  in  the  original  suspension. 

The  lipase  preparation  after  the  extraction  with  ether  in  the  Soxhlet 
extractor  was  extracted  for  three  da3rs  in  the  same  apparatus  with  ethyl 
acetate.  The  solution  after  the  extraction  was  yellow  in  color  and  con- 
tained a  flocculent  white  substance  in  suspension.  The  ethyl  acetate 
was  evaporated  imder  diminished  pressure  below  40°  and  the  residue 
which  was  taken  up  with  water  formed  a  solution  containing  some  white 
matter  and  a  small  amount  of  acid.  This  solution  was  divided  into  two 
parts  (a)  and  (b)  and  tested  with  methyl  acetate  for  22  hotu^  at  38**  with 
the  following  results: 

(a)  12.5  CO.  water  2  cc.  MeAc  required  2.5  cc.  0.1  N  NaOH. 

(b)  12 .5  cc.  water required  1 .3  cc.  o. i  -V  NaOH. 

. .  15.0  cc.  water  2  cc.  MeAc  required  0.4  cc.  0.1  N  NaOH. 

An  acid  formation  equal  to  0.8  cc.  0.1  N  sodium  hydroxide  solu- 
tion was  found,  showing  that  some  of  the  active  constituent  had  been 
extracted  by  the  ethyl  acetate.  The  residue  from  the  extraction  showed 
the  same  activity  as  unextracted  lipase  preparation,  indicating  that  only 
;a  small  part  of  the  active  substance  had  been  removed. 

The  behavior  of  an  aqueous  suspension  of  lipase  preparation  toward 
an  electric  current  was  also  studied.  One  gram  of  the  lipase  preparation 
was  mixed  thoroughly  with  60  cc.  water  and  placed  in  a  U-tube  of  i  cm. 
bore.  The  house  current  was  passed  through  a  16  candle  power  carbon 
filament  lamp  and  then  through  the  solution  in  the  U-tube,  connection 
being  made  by  means  of  platinum  electrodes  dipping  just  below  the  sur- 
faces of  the  liquid  in  the  two  arms  of  the  tube.  It  was  evident  that  0.5 
ampere  was  not  passing  as  the  lamp  did  not  glow  at  all,  but  that  a  small 
current  was  flowing  was  shown  by  the  small  but  regular  stream  ©f  gas 
evolved  at  the  cathode.  The  current  was  allowed  to  flow  for  two  weeks. 
After  two  days  the  solid  matter  had  settled  in  the  lower  curved  part  of 

^  LO0.  cfi. 
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the  tube  except  for  a  small  amount  which  adhered  to  the  electrodes  or 
floated  at  the  surface.  Only  occasional  bubbles  of  gas  were  evolved  at 
the  anode.  After  two  weeks,  the  solutions  were  removed  separately  from 
the  two  arms  of  the  U-tube  by  means  of  pipets.  They  were  slightly 
cloudy  on  account  of  the  small  amotmt  of  solid  which  had  not  settled  to 
the  bottom.  Two  portions  of  lo  cc.  each  were  taken  from  each  electrode 
solution,  diluted  to  35  cc.  with  water,  i  cc.  methyl  acetate  added  to  one 
portion  of  each,  allowed  to  stand  for  47  hours  at  38^  and  then  titrated 
with  0.1  N  sodium  hydroxide  soluticm.    The  results  follow: 

Cathode  aoUitioiis.  Anode  soInUoiM. 

MeAc I  cc.  ...  I  cc. 

cc  0.1  N  NaOH  required. .     18.60  18.70  43-65  33-8o 

The  cathode  solution  showed  no  hydrolytic  power  toward  methyl 
acetate,  although  considerable  acid  was  present  there.  On  the  other 
hand,  the  anode  solution  showed  a  still  greater  quantity  of  add  and  also 
a  large  hydrolytic  action.  The  absence  of  any  but  a  minute  gas 
evolution  at  the  anode  may  therefore  be  explained  as  being  due  to  some 
oxidation  taking  place  there,  and  while  some  of  the  hydrolysis  may  have 
been  produced  by  the  large  amount  of  acid  formed,  it  seems  very  probable 
that  the  (negative)  complex,  produced  or  developed  in  part  at  any  rate 
by  oxidation,  showed  a  marked  hydrolytic  or  activating  power. 

Summary. 

A  comparative  study  was  made  of  the  hydrolysis  of  methyl  acetate, 
ethyl  butyrate,  and  olive  oil  caused  by  the  castor  bean  lipase.  The 
effect  of  adding  small  amounts  of  alkali  at  the  beginning  of  the  action 
was  studied.  No  appreciable  influence  on  the  subsequent  hydrolysis 
was  found  with  methyl  acetate,  but  with  ethyl  butyrate  the  action  was 
different,  depending  upon  the  amounts  of  alkali  added.  Corrections  were 
introduced  in  every  case  for  the  acid  formed  from  ester-solvent  and 
lipase-solvent. 

In  ether  sattu'ated  with  water,  and  acetone  containing  a  small  amount 
of  water  as  solvents,  methyl  acetate  was  hydrolyzed  to  a  considerable 
extent  with  lipase  both  at^the  ordinary  and  at  more  elevated  tempera- 
tures. 

Small  amounts  of  an  active  constituent  were  extracted  from  the  lipase 
preparation  by  water  and  by  ethyl  acetate. 

By  the  electrolysis  in  water  of  the  lipase  preparation,  a  substance  was 
produced  in  the  anode  solution,  probably  by  oxidation,  showing  marked 
hydroljrtic  action. 

Haxrxman  Rbsbakcb  Labobatokt.  RootBvsLT  Hospital. 
Oroakic  LiAboratoxy,  Columbia  UNrvBitarry. 
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HOTE. 

• 

The  Combustion  of  Volaiil  Organic  Liquids, — ^The  writer  in  the  course 
of  the  last  few  years  has  had  occasion  to  make  many  analyses  of  volatil 
organic  liquids.  The  determination  of  carbon  and  hydrogen  by  the 
familiar  method  originally  devised  by  Liebig  is  fraught  with  serious 
practical  difSculties  when  the  compound  to  be  anal3rzed  has  a  low  boiling 
point.  The  usual  method  in  such  cases  has  been  to  weigh  out  the  liquid 
in  a  small  bulb  tube  provided  with  a  capillary,  which  after  filling  was 
sealed  to  prevent  loss  during  weighing.  The  bulb  was  then  placed  in 
a  boat,  the  tip  of  the  capillary  broken  off,  the  whole  then  placed  in  the 
combustion  tube  in  the  furnace.  By  gradual  heating  of  that  part  of 
the  tube  where  the  bulb  was  located,  the  liquid  was  slowly  volatilized 
and  burned.  The  carbon  dioxide  and  water  restdting  from  the  combustion 
were  collected  and  weighed  in  the  usual  manner.^ 

The  disagreeable  features  of  this  method  are  avoided  by  a  new  process 
which  has  been  introduced  and  is  now  used  in  this  laboratory.  This 
new  method  is  as  follows:  A  combustion  tube  is  drawn  out  at  one  end 
and  a  tube  bearing  a  female  ground  glass  joint  is  sealed  on.  That  part 
of  the  tube  which  is  within  the  heating  zone  of  the  furnace  is  now  filled 
completely  with  coarse  copper  oxide  held  in  place  at  the  ends  by  suitable 
spirals  made  of  copper  gauze.  The  end  bearing  the  ground  glass  joint 
protrudes  about  four  inches  from  the  end  of  the  furnace,  while  at  the 
other  end,  the  combustion  tube  protrudes  3  inches  or  so,  and  to  this 
end  by  a  rubber  stopper  the  sulfuric  acid  tube  and  potash  btdb  are  attached 
in  the  usual  fashion.  The  liquid  to  be  analyzed  is  weighed  out  in  a  small 
U  tube,  which  is  fitted  at  the  top  of  each  arm  with  ground  glass  stoppers 
which  close  the  end  of  the  tubes,  but  which  are  perforated  on  one  side 
by  a  small  hole,  which  can  be  made  coincident  with  the  side  outlet  tubes 
simply  by  turning. 

Thus  each  stopper  serves  to  close  the  vertical  tubes,  also  acts  as  a  stop- 
cock to  each  side  arm.  To  one  side  arm  a  rubber  hose  connection  is  made 
to  a  drying  apparatus,  while  the  other  is  fitted  with  a  male  ground  glass 
joint,  which  just  fits  the  ground  glass  end  of  the  combustion  tube. 

To  weigh  out  the  liquid,  the  weight  of  the  empty  tube  having  been 
determined,  one  stopper  is  removed,  the  liquid  introduced,  best  by  a  small 
pipet,  and  the  stopper  immediately  replaced.  No  vaporized  liquid 
can  now  escape  as  the  tube  is  perfectly  tight.  It  is  best  to  previously 
lubricate  the  upper  third  of  each  stopper  with  a  small  amount  of  soft 
parafiSn,  the  tmlubricated  space  below  wherever  pervious  is  filled  with 
air,  forming  an  effective  cushion  to  prevent  absorption  of  vapor  by  paraffin, 
if  the  former  is  soluble. 

'  An  exoellcnt  account  of  this  process  is  given  in  Gattermann,  "The  Practical 
Methods  of  Organic  Chemistry." 
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After  weighing,  the  tube  is  connected  to  the  combustion  tube  by  the 
ground  glass  joint,  the  external  fourth  being  lubricated  by  a  very  small 
amount  of  soft  parafiin,  while  to  the  other  side  arm  of  the  U  tube  the 
drying  apparatus  is  connected.  The  combustion  tub^  has  meanwhile 
been  thoroughly  ignited  and  is  now  red  hot.  The  two  stopcocks  of  the 
U  tube  are  now  turned  so  as  to  permit  a  stream  of  pure  dry  air  (from 
the  usual  purifying  apparatus)  to  stream  over  the  surface  of  the  liquid 
to  be  biuned.  The  vapor,  mixed  with  the  excess  of  air  used,  passes  through 
the  combustion  tube,  and  over  the  red  hot  copper  oxide,  while  the  resulting 
water  and  carbon  dioxide  are  caught  in  the  customary  sulfuric  add  tube 
and  potash  bulb.  If  the  liquid  has  a  low  boiling  point  like  ether,  it  is 
well  to  immerse  the  lower  end  of  the  weighing  tube  in  cold  water,  to 
prevent  the  ether  from  volatilizing  too  rapidly.  With  acetone,  neither 
cooling  nor  warming  is  necessary.  For  a  liquid  boiling  at  loo  to  125°, 
it  is  best  to  heat  the  U  tube  to  50  or  60^  by  immersing  the  lower  part 
in  a  beaker  of  warm  water. 

This  method  is  rapid  and  accurate  and  since  it  is  not  necessary  to  allow 
the  furnace  to  cool  between  each  analysis,  several  combustions  can  be 
made  in  a  single  day. 

Before  using  this  apparatus  for  the  analysis  of  hydrocarbons,  it  was 
tried  out  with  acetone. 

The  acetone  was  purified  by  drying  thoroughly  with  calcium  chloride, 
and  subsequently  distilling,  using  a  large  Le  Bel  Henniger  fractionating 
column.    The  sample  taken  for  analysis  boiled  at  56°  under  760  mm. 

Subst.,  0.3645,  0.1471;  COj,  0.8260,  0.3361;  HjO,  0.3302,  0.1303. 

Cakttlated  for  C,HcO:      C,  63.07;  H,  10.34 
Found:  i.  11. 

C 61.80  63.30 

H 10.06  9.85 

Analyses  were  next  made  of  an  octane  (boiling  point,  118.8-119°), 
and  octylene  (boiling  point,  119.6-120.5°),  which  had  been  obtained  in 
a  hydrocarbon  research. 

Subst.,  0.3157;  CO,,  0.9868;  H,0,  0.4089. 

Calculated  for  CgH|«:       C,  85.62;  H,  14.38. 
Pound:  0,85.27;  H,  14.37. 

Subst,  0.2935;  COj,  0.9012;  H3O,  0.2935. 

Calculated  for  CJHn:       C,  84.10;  H,  15.90. 
•Pound:  C,  83.74;  H,  15.74- 

Latham  CXarkk. 

Cambkipob,  Mass. 
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NEW  BOOKS. 

J.  H.  van't  HolTs  Amsterdamer  Periode,  1877-1895.  By  Dr.  W.  P.  Jorisssn, 
Lektor  a.  d.  Univ.  Leiden  and  Dr.  L.  Th.  Rbxchbr,  Priv.  Dozen!  a.  d.  Univ. 
Amsterdam. 

This  well  written,  well  printed,  and  copiously  illustrated  little  book 
of  106  pages  does  not  pretend  to  be  a  complete  biography;  the  story  of 
van  't  Hoff's  life  has  been  told  so  often  and  so  recently  that  the  authors 
are  justified  in  treating  most  of  it  as  well  known,  and  have  contented 
themselves  with  adding  chapters  from  their  personal  recollections,  and 
quotations  from  relatively  inaccessible  Dutch  publications. 

A  section  is  devoted  to  the  establishment,  in  1785,  of  a  professorship 
of  Chemistry  in  Amsterdam,  and  sketches  of  those  who  have  filled  the 
chair  and  the  conditions  under  which  they  worked.  As  appendix,  four 
little  known  articles  by  van  't  Hoff  are  republished,  all  of  autobiographical 
interest:  one  in  memory  of  his  predecessor  Gunning,  two  to  mark  the 
doctor-jubilees  of  his  students  van  Deventer  and  Reicher,  and  a  third 
"Die  Verwirklichung  einer  Vorhersagung  in  einer  Rektoratsrede"  which 
gives  a  brief  description  of  his  life  and  work  in  Berlin. 

Quoting  Carlyle,  the  writers  say:  "We  cannot  look,  however  imper- 
fectly, upon  a  great  man,  without  gaining  something  from  him,"  and 
these  stories  of  life  in  the  laboratory  and  of  the  personal  relations  of 
van't  Hofif  with  his  colleagues  and  students,  even  the  undergraduate 
criticism  of  his  lectures  taken  from  the  students'  yearbooks,  help  us  know 
van  't  Hoff  as  something  more  than  a  contributor  to  the  Z.  physik.  Ghent.; 
his  two  former  assistants  deserve  om*  thanks. 

Bibliographies  of  van  *t  Hoff's  books,  pamphlets  and  papers,  and  of 
the  dissertations  from  his  laboratory  in  Amsterdam,  and  a  list  of  bio> 
graphical  sketches  and  articles  on  van 't  Hoff  and  his  work  close  the  book. 

W.  Lash  Millbr. 

"Higher  Mathematics  for  Chemical  Students."  By  J.  R.  Partington.  Methuan 
&  Co.,  London.     191 1.    pp.  279.    Price,  3  s.  6  d. 

Chemistry  has  always  made  great  use  of  s)rmbols  but  it  is  nevertheless 
true  that  chemists  have  all  too  frequently  objected  to  the  use  of  mathe- 
matical symbols  or  failed  to  use  this  most  valuable  scientific  aid  in  their 
investigations.  Text-book  writers  frequently  explain  that,  in  their 
books,  as  little  use  of  the  calculus  has  been  made  as  possible.  This  is, 
however,  a  situation  in  chemistry  which  is  rapidly  passing.  Compara- 
tively few  students,  who  have  taken  the  regular  college  courses  in  mathe- 
matics, can  apply  their  knowledge  to  scientific  problems,  and  the  appear- 
ance of  the  Nemst-Schoenfiies  "Einfuehrung  in  die  mathematische  Behand- 
lung  der  Natixrwissenchaft"  in  1895  was  a  welcome  text  as  indicated  by 
the  fact  that  it  is  now  in  the  sixth  edition.  Mellor,  in  his  "Higher  Mathe- 
matics for  Students  of  Chetnistry  and  Physics,"  has  given  us  a  book  which 
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IS  particulsu-ly  rich  in  examples  of  the  application  of  higher  mathematics 
to  scientific  data  and  problems.  Mellor's  book  also  contains  considerable 
thermodynamics  and  many  mathematical  tables  and  is  fairly  complete, 
so  that  it  is  a  valuable  handbook.  Along  these  same  lines  we  now  have 
this  book  on  "Higher  Mathematics  for  Chemical  Students,  by  J.  R. 
Partington.  It  is  clearly  written  and  not  too  formidable  a  book,  so 
that  it  must  be  really  interesting  reading  to  students  who  have  not  con- 
nected their  mathematics  and  experimental  data  and  problems.  The 
book  is  distinctly  an  addition  to  the  texts  that  the  chemist  must  use. 
It  seems  to  the  reviewer  that  more  attention  should  be  given  to  the  theory 
of  probabilities  in  its  application  to  the  questions  of  errors  of  meastu'ements 
and  the  question  of  judgment  in  interpreting  results,  indeed  a  valuable 
and  interesting  book  might  be  written  along  these  lines. 

G.  A.  HULBTT. 

Contemporary  Chemistry.    By  £.  £.  Fournibr  d'Ai^bs.    pp.   xvi  and    i8o.    New 
York,  1911:  D.  Van  Nostrand  Co.     Price,  $1.25. 

This  book  is,  in  the  author's  words,  "intended  to  give  a  bird's-eye 
view  of  the  whole  field  of  modem  chemistry."  **It  is  proposed  to  outline 
tlie  laws,  conceptions,  and  ideals  underlying  the  new  chemistry,  to  show 
where  they  are  at  variance  with  Physics,  and  where  the  bridge  between 
the  two  sciences  has  already  been  thrown." 

The  reviewer  attaches  high  importance  to  conscientious  efforts  to  pre- 
sent in  popular  and  readable  form  the  results  of  scientific  research  and 
the  present  ambitious  work  certainly  possesses,  in  an  unusual  degree, 
the  excellent  quality  of  readability.  It,  moreover,  gives  evidence  of 
a  very  wide  familiarity  with  the  immense  field  which  the  author  endeavors 
to  cover.  The  style  is  colloquial  and  lively,  but  it  must,  with  regret, 
be  noted  that  the  effort  to  make  it  so  is  sometimes  forced  and  not  infre- 
quently leads  to  serious  literary  defects.     It  is  only  possible  to  point 

out  a  few  passages  illustrating  some  of  the  latter.     ** We  are  still 

some  distance  off  a  plausible  theory  of  spectra."     (p.  31)  ** We  at 

once  get  optically  active  forms,  implying  a  tri-dimensional^  arrangement." 
Speaking  of  the  ignition  of  thermit,  the  stuprising  statement  (p.  135) 
is  made:  **An  intense  combustion  is  the  result,  in  the  course  of  which 
the  aluminium  deprives  the  iron  of  its  oxygen,  and  the  latter  escapes 
at  a  white  heat."     "Had  that  mind  been  free  from  the  incubus  of  authority 

the  'call  of  the  wild'  might  have  been  irresistible  even  then.     But 

there  was  Plato  and  Aristotle;  there  was  the  elaborate  syllogystic  system 
of  scholasticism,  prepared  to  crush  and  devour  all  virgin  thought  in  its 
powerful  jaws"  (p.  14). 

*  Asymmetric  is  meant.    The  reference  is  to  molecules  of  optically  active  carbon 
compounds. 
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"The  phlogistic  doctrine  was  now  tottering  to  its  fall.  The  man  who 
knocked  it  down  was  Lavoisier"  (p.  i6). 

"At  the  absolute  zero  of  temperature,  illustrated  by  the  graveyard, 
there  would  be  evidence  of  crystallization  in  the   quadratic   system" 

(P-  3)- 

Professor  Loeb  might  object  to  this :  "If  carbon  is  still  to  be  quadriva- 
lent— and  no  organic  chemist  except  Gomberg  will  hear  of  anything 
else." 

A  few  dubious  statements  are  made,  which  should  receive  the  author's 
attention  in  case  of  the  issue  of  a  new  edition.  Thus  (pp.  135-136),  we 
read  d  propos  of  the  manufactture  of  aluminium: 

"If  it  were  possible  to  use  bauxite  instead  of  cryolite,  the  process  of 

obtaining  aluminium  woidd  be  much  cheapened; That  event  will 

mark  a  new  era."     Other  similar  instances  may  be  fotmd  at  pp.  20  and 
128  (foot). 

The  theory  of  osmotic  pressure  as  presented  on  pp.  65-66  appears  open 
to  serious  criticism.  The  statement  (p.  141)  that  "The  rarity  of  ancient 
specimens  of  glass  proves  that  glass  de vitrifies  in  a  few  centuries,"  rests 
on  a  kind  of  logic  that  one  hardly  expects  to  find  in  a  scientific  book, 
and  the  reference  (p.  27)  to  "Ramsay's  noble  gases,  Argon,  Crypton, 
Xenon"  is  unjust  to  Lord  Rayleigh. 

In  conclusion  it  is  not  too  much  to  say  that  "Contemporary  Chemistry'* 
is  the  most  interesting  work  of  its  kind  that  has  appeared  for  many  years 
and  is  marked  by  wide  learning  and  by  a  vivid  style  of  treatment. 

Launcbw>t  W.  Andrews. 

Experiments  in  General  Chemistry.    By  W.  S.  Hbndrixson.    Printed  at  Grinnell, 
Iowa.    pp.  64  and  14  figures. 

A  collection  of  157  experiments  covering  the  common  elements  and 
their  compounds.  There  is  no  remarkably  new  mode  of  attack,  nor 
originality  in  the  choice  of  the  experiments  described,  while  those  covering 
the  metals  are  too  largely  restricted  to  the  information  that  would  be 
acquired  in  a  com"se  in  qualitative  analysis.  Experiments  on  chlorine 
and  carbon  monoxide  are  described  without  any  warning  as  to  the  poison- 
ous nature  of  the  materials.  As  a  whole  the  experiments  are  well  chosen 
and  well  adapted  to  an  elementary  course,  though  there  is  a  lack  of  quan- 
titative experiments,  and  of  those  questions  which  Inay  serve  to  induce 
a  scientific  curiosity.  H.  Isham. 

Stand  und  Wege  der  analytlschen    Chemle.      By    W.   BdxxosR.     ziii  Band  der 
"Die  chemiscfae  Analyse."    Ferdinand  Enke,  Stnttgart.    pp.  53.    Price,  M  1.80. 

This  little  pamphlet  is  introductory  to  the  general  subject  of  analytical 
chemistry  and  was  suggested  by  an  article  on  the  present  condition  of 
analytical  chemistry   by   W.  F.    Hillebrand   which   was  published    in 
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This  Journal,  27,  300.  The  author  first  reviews  the  history  of  this 
branch  of  chemistry,  particularly  the  attitude  taken  by  great  chemists 
of  the  past  towards  analytical  chemistry.  Second,  the  general  principles 
underlying  gravimetric  and  volumetric  analysis  are  discussed  and  it  is 
shown  how  various  principles  of  physical  chemistry  may  be  applied  to 
improve  anal3rtical  methods  and  to  explain  results. 

The  paper  shows  the  importance  of  analytical  chemistry  as  a  dignified 
branch  of  the  great  science  and  emphasizes  the  need  of  placing  this  branch 
upon  a  sound  scientific  basis.  The  paper  is  well  worth  reading  as  the 
subject  is  admirably  treated.  O.  L.  Shinn. 

A  Textbook  of  Pnctkal  Chemistry  for  Technical  Institutee.  By  A.  E.  Dunstan, 
D.Sc.  (London),  Head  of  the  Chemical  Department,  East  Ham  Technical  College, 
and  F.  B.  Thole,  B.Sc.  (London),  F.C.S.,  Lecturer  in  Organic  Chemistry,  East 
Ham  Technical  College.  With  numerous  diagrams.  Methuen  &  Co.,  Ltd.,  Lon- 
don.   September,  i^ii.    Crown  8vo.,  pp.  viii  +  335.    3  s.  6  d. 

This  book  is  one  of  Methuen's  Textbooks  of  Science,  for  "Secondary 
Schools  and  Schools  of  Science."  It  is  intended  as  a  guide  to  laboratory 
work  and  is  very  generally  amplified  by  brief  but  careful  discussions  of 
the  theory  connected  with  the  experimental  work  in  hand.  The  re- 
sulting correlation  of  laboratory  and  lecttue  work  cannot  avoid  being 
helpful  to  the  student.  The  immediate  object  in  writing  the  book  has 
been  to  collect  in  one  moderate  priced  volume  the  experimental  chemistry 
usually  performed  by  students  in  the  modem  English  technical  school, 
most  of  whom  find  the  various  treatises  used,  too  expensive.  In  this 
laudable  purpose  great  success  has  certainly  been  achieved  and  the  book 
should  also  be  a  most  useful  reference  volume  to  the  student. 

The  contents  comprise:  "Dry  tests"  (n  pp.).  A  now  a  days  much 
neglected  art  in  the  study  of  chemical  substances.  The  common  in- 
organic compounds  are  examined  systematically  after  the  manner  of 
determinative  mineralogy.  "Reactions  of  the  ions"  (89  pp.).  The 
extent  of  the  work  in  qualitative  analysis  is  shown  by  the  fact  that  among 
the  negative  ions  considered  are  such  cases  as  aluminate,  zincate,  stannate, 
perstdfate,  dithionate,  silicofluoride,  borofluoride,  and  permangate  ions. 
"Group  analysis"  (21  pp.  including  "analysis  for  negative  ions").  "Re- 
actions of  the  *rare'  elements"  (14  pp.).  "Volumetric  analysis"  (29  pp.). 
"Gravimetric"  and  ."complete  analysis"  (35  pp.).  "Simple  gasometry" 
(10  pp.).  "Organic  section"  (79  pp.),  including:  tests  for  elements  in 
organic  compounds;  quantitative  estimation  of  elements;  common  organic 
estimations;  common  operations  in  organic  preparations;  identification 
of  simple  organic  substances  (30  pp.) ;  "Physico-chemical  determinations" 
(23  pp.);  Appendix  (18  pp.),  consisting  of  tables  of  solubilities,  prepara- 
tion of  reagents,  atomic  weights,  logarithms,  specific  gravity,  boiling  and 
melting  points,  etc. 
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It  is  noticeable  that  in  the  determination  of  silica  but  a  single  evapora- 
tion is  recommended.  There  appear,  however,  to  be  few  such  objection- 
able procedures.  The  precautions  to  be  noted  are  very  clear  and,  es- 
pecially in  the  early  portion  of  the  book,  excellent.  Full  page  charts 
are  printed  which  start  the  student  from  some  common  substance,  such, 
for  instance,  as  the  mineral  chromite  when  studying  the  reactions  of 
chromium.  The  steps  are  indicated  on  the  chart  whereby  the  student 
is  to  proceed  from  the  mineral  to  the  various  important  compounds,  per- 
forming as  he  goes  along  the  common  reactions  required  for  qualitative 
analysis,  thus  blending  inorganic  preparation  work  with  the  qualitative 
study  of  reactions.  The  other  chapters  of  the  book  seem  equally  as 
practical.  Mineral  analysis,  it  is  cheerful  to  note,  will  not  be  a  lost  art 
with  the  student  who  completes  the  analytical  exercises  of  this  volume. 

James  R.  Withrow. 

Trmit^  CompLet  d' Analyse  Chimique  AppLiqu^e  and  'Baaa.is  Indnstriels.  Par  J.  Post 
and  B.  Nbumann.  Deiud^sne  Edition  fran^aise  entitlement  refondue.  Tiadulte 
d'apr^  la  troisi^e  Edition  allemande  et  augment^  de  nombreuses  additions 
par  G.  Chenu,  M.  Pellet.  Tome  troisihne,  premier  fascicule.  Engrais  commer- 
daux,  amendements  et  fumiers — terre  arable  et  produits  agricoles — air — ^huiles  es- 
sentielles — cuiret  mati^res  tannantes — colle — tabac — caoutchouc  et  gutta-percha — 
mati^res  explosives  et  allumettes.  Avec  56  figures  dans  le  texte.  Paris:  Librairie 
sdentifique  A.  Hermann  et  Fils.     191 2.    pp.  1-468. 

Brief  notices  of  earlier  instalments  of  this  book  have  already  been  pub- 
lished in  This  Journal,  30,  912;  31,  120.  The  book  must,  naturally, 
be  compared  with  Lunge's  "Untersuchungsmethoden,"  somewhat  to 
the  advantage  of  the  latter.  .This  may  not  be  entirely  fair,  however, 
for  the  two  works  do  not  cover  exactly  the  same  groimd,  and  the  matter 
presented  by  Post  and  Neumann  is  imdoubtedly  excellent  and  up-to-date. 
The  chief  fault  seems  to  be  a  lack  of  proportion  in  subdividing  the  book. 
The  extremes  in  the  present  fascicle  are  Explosives  and  Matches,  which 
occupy  135  pages,  while  "Arable  Soil  and  Agricultural  Products"  are 
disposed  of  in  7  pages.  Perhaps  this  only  shows  that  the  authors  and 
the  reviewer  have  different  ideas  about  book-making.     C.  E.  Waters. 

Die  KoUoide  in  Biologie  und  Medizin.    By  H.  Bbchhold.     Dresden.     191 2.    xii  + 
441  pp.    Theodor  Steinkopff,  publisher.     Price,  bound,  15.50  Marks. 

For  all  dimensions  of  matter,  from  those  of  atomic  systems  to  those 
of  world  systems,  the  laws  of  form  and  stability  have  been  carefully  studied 
and,  in  general,  well  defined.  Only  systems  whose  parts  are  in  size, 
roughly  speaking,  between  the  dimensions  of  the  molecule  and  those  of 
particles  easily  visible  with  the  ordinary  microscope,  still  defy  simple 
general  treatment.  These  are  the  colloids,  the  ultimate  morphological 
elements,  according  to  the  ordinary  conception  of  the  term  morphology, 
of  the  living  cell.     Biology,  accordingly,  is  especially  delayed  by  the  fail- 
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ure  of  the  physical  sciences  to  elaborate  a  simple  method  of  dealing  with 
the  colloids,  such  as  the  laws  of  solution  provide  for  molecules,  such  as 
structural  chemistry  provides  for  the  arrangement  of  atoms. 

The  new  work  of  Bechhold,  himself  an  accomplished  investigator  of 
the  role  of  colloids  in  biology,  seeks  so  far  as  possible  to  obviate  such 
difficulties  by  providing  a  systematic  treatment  of  this  subject,  and  the 
author  has  been  on  the  whole  remarkably  successful  in  his  difficult  enter- 
prise. 

The  book  is  divided,  according  to  a  plan  at  once  convenient  and  logical, 
into  four  parts — first,  an  introductory  discussion  of  theory,  general  physico- 
chemical  facts,  and  methods  of  investigation,  secondly,  a  description  of 
the  colloidal  constituents  of  living  organisms  and  their  products,  thirdly, 
a  discussion  of  the  organism  as  a  colloidal  system,  and  finally,  a  discussion 
of  toxicology,  pharmacology,  and  the  microscopist's  technique  in  their 
relation  to  colloids. 

In  the  present  state  of  knowledge  it  is  impossible  for  such  a  work  to 
possess  any  characteristics  of  finality.  But  the  author,  squarely  facing 
the  necessity  of  being  at  times  superficial  and  at  other  times  of  substi- 
tuting possible  suggestions  for  missing  facts,  has  managed  to  combine 
a  great  variety  of  information  in  such  manner  as  will  render  it  available 
to  many  workers  in  biology  and  medicine  and  help  them  to  a  clearer 
understanding  of  some  of  the  great  problems  of  both  the  statics  and 
dynamics  of  living  matter. 

Especially  satisfactory  is  the  simple  treatment  of  theory,  including 
the  theory  of  adsorption.  The  simplifying  explanations  of  phenomena 
are  extracted  from  the  theories,  but  at  the  same  time  great  care  is  taken 
to  avoid  rigid  application  of  theories  of  processes  too  complicated  for 
such  treatment  at  the  present  time. 

The  work  contains  considerations  of  many  different  data  and  theories 
of  varying  merit,  and  there  are  among  them,  no  doubt,  a  certain  number 
which  will  be  subject  to  revision  in  the  futm^e ;  but  such  is  one  of  the  diffi- 
culties of  the  pioneer.  It  is  to  be  hoped  that  this  work  will,  through 
future  editions,  grow  up  with  the  subject,  for  it  fills  a  most  important 
place  in  scientific  literature.  L.  J.  H^nd^rson. 

Handbuch  der  Mineralchemie.   Vol.  I,  No.  5.    By  Dosltbr,  et  al.    Theodor  Steiilr 
kopS,  Dresden.    M.  6.50. 

This  number  of  "Mineralchemie"  completes  the  subject  of  mineral 
melting  points  and  the  influence  of  pressure  on  them.  A  comprehensive 
table  of  silicate  melting  points,  so  far  as  they  have  been  determined, 
is  included.  Other  important  physical  properties  of  the  silicates,  viz., 
latent  heats,  specific  heats,  thermal  and  electrical  conductivities,  vis- 
cosities and  volume  changes  in  melting  are  then  considered.    The  data 
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belong  to  different  periods  of  development  and  are  of  all  degrees  of  value, 
but  the  scarcity  of  reliable  data  is  everywhere  evident.  The  present 
state  of  our  knowledge  is  sometimes  satisfactorily  stunmed  up,  and 
sometimes  otherwise.  The  latter  portion  of  the  book  is  given  up  to  the 
consideration  of  binary  systems  of  the  silicates.  Here  some  highly 
fantastical  diagrams  might  well  have  been  omitted.  In  connection  with 
these  silicate  systems  are  discussed  some  highly  interesting  geological 
questions,  such  as  natural  eutectics,  resorption  and  zonal  structtu'e, 
the  order  of  crystallization  from  magmas,  the  application  of  the  phase 
rule  to  the  eruptive  rocks,  and  the  structiu-e  of  the  latter. 

E.  T.  Allen. 

The  Technology  of  Bread-makfaig,  Isdudiiig  the  Chemistry  and  Analytical  and  Prac- 
tical Teethig  of  Wheat,  Flour,  and  Other  Materials  Employed  ui  Bread-making 
and  Confectionery.  WnxiAM  Jago,  P.I.C,  .F.C.S.,  and  Wuxiam  C.  Jaoo. 
American  Edition.  Bakers'  Helper  Co.,  Chicago,  191 1.  pp.  908+viii.  Price, 
$6.50. 

This  cyclopaedic  volume  is  the  outgrowth  of  the  earlier  and  smaller 
editions  which  appeared  in  1886  and  1895  on  the  same  subject  from  the 
pen  of  the  senior  author  and  the  mode  of  treatment  of  the  present  voltmie 
is,  in  general,  the  same  as  that  of  the  earlier  editions.  The  scope  of  the 
work  is  even  greater  than  is  indicated  by  the  title  and  sub-title  as  a  glance 
at  the  table  of  contents  shows.  The  book  might  really  be  divided  into 
several  parts,  the  first  of  which  deals  with  matters  of  general  Chemistry, 
Physics  and  Biology  for  here  we  find  chapters  on  Inorganic  and  Organic 
Chemistry,  the  Microscope  and  Polarization  of  Light,  Mineral  and  Fatty 
Matters,  the  Carbohydrates,  the  Proteins,  Enzymes  and  Diastatic  Action, 
Fermentation,  Bacterial  and  Putrefactive  Fermentation,  Technical  Re- 
searches on  Fermentation  and  the  Manufacture  of  Yeasts.  The  first 
twelve  chapters,  therefore,  occupying  253  pages,  deal  for  the  most  part 
only  in  an  indirect  way  with  the  subject  in  hand,  serving  as  a  storehouse 
of  fundamental  chemical  and  biological  knowledge.  Obviously,  the 
treatment  of  some  of  these  subjects  is  brief,  simple  and  rather  one-sided, 
the  intention  being  to  supply  just  those  facts  which  are  necessary  for  the 
thorough  understanding  of  the  later  technical  details. 

The  second  part,  chapters  12-18,  deals  with  the  structm'e  and  physi- 
ology of  wheat  grain,  chemical  composition  of  wheat,  strength  of  flour, 
many  tables  of  analyses  of  various  products  of  milling  and  the  bleaching 
of  flour. 

What  may  be  called  part  three,  chapters  18-22,  takes  up  the  subject 
of  bread-making,  special  breads,  and  bread-making  processes,  bread 
improvers  and  a  general  discussion  of  the  nutritive  value  and  digesti- 
bility of  various  breads,  with  a  chapter  on  the  weighing  of  bread.  Another 
short  section,  chapters  23-24,  treats  of  bake-house  design  and  the  machine 
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bakery  and  its  management  and  goes  exhaustively  into  the  architecture 
and  mechanical  equipment  of  bakeries. 

The  remaining  nine  chapters,  with  the  exception  of  the  last,  describe 
anal3rtical  methods,  bread  analysis,  adulterants  and  their  detection  and 
routine  miU  tests.  The  last  chapter  discusses  confectioners'  raw  mate- 
rials, especially  substances  used  in  the  making  of  other  products  than 
bread. 

One  is  surprised  and  almost  overcome  at  the  size  of  this  work.  A 
cursory  examination  of  it  suggests  that  much  of  the  material  in  the  first 
seventeen  chapters  might  be  condensed  and  a  part  of  it  omitted,  and  this 
belief  is  strengthened  by  careful  reading.  One  wonders  why  it  should 
be  necessary  to  devote  so  much  space  to  General  Chemistry,  Physics, 
etc.,  when  there  are  so  many  elementary  books  on  the  subject  which  give 
the  reader  a  somewhat  broader  view.  This  seems  to  be,  however,  one  of 
the  class  of  books  in  which  no  previous  knowledge  is  taken  for  granted. 
This  over-expansion  is  perhaps  the  most  serious  fault  that  can  be  charged 
to  the  book,  as  the  descriptions  in  the  preliminary  chapters  are  in  general 
clear  and  the  statements  accurate.  Occasionally  there  is  a  statement 
which  may  be  questioned,  a  term  used  which  has  a  double  meaning  where 
modification  could  make  the  meaning  perfectly  evident.  An  example 
of  this  is  found  on  page  31  where  the  term  chloride  of  lime  is  used  when 
hypochlorite  is  meant.  Another  unimportant  criticism  may  also  be 
made  in  that  there  is  frequently  unnecessary  detail  in  description,  as 
for  example,  under  the  head,  "How  to  Use  the  Microscope,"  we  find 
this  statement,  "To  commence  using  the  microscope  remove  it  from  the 

case" This  is  but  one  of  ntmierous  occiurences  of  this  sort.     While 

this  detail  may  be  necessary  in  some  quarters  in  order  that  directions 
may  be  followed  carefully,  the  general  effect  on  the  trained  reader  is  to 
•lessen  interest  and  make  the  volume  tiresome.  The  data  of  analyses 
and  other  investigations  which  were  presented  in  the  older  volumes 
have  been  practically  retained  with  the  addition  of  more  recent  results. 
It  may  be  fairly  questioned  whether  analytical  data  obtained  as  far  back 
•  as  1852  are  of  real  value  as  compared  with  similar  data  obtained  within 
the  last  five  years,  especially  in  view  of  the  great  improvement  in  certain 
methods  of  analysis. 

In  the  chapter  on  proteins  the  official  nomenclature  recently  adopted 
is  set  forth  and  the  results  of  much  of  the  new  work  on  vegetable  proteins 
are  given  in  an  excellent  way.  After  such  concise  and  up-to-date  account 
of  the  proteins,  one  is  surprised  to  find  at  the  end  of  the  chapter  a  para- 
graph on  the  nature  of  putrefaction  which  presents  an  old  and  long  since 
abandoned  view,  for  in  it  one  finds  no  mention  of  bacteria  as  inciting 
causes  and  the  inference  is  that  air  is  responsible.  I  quote,  "It  would 
thus  appear  that  putrefaction  is  not  a  process  appertaining  exclusively 
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to  the  grain  itself,  but  is  in  some  way  dependent  on  the  action  and  pres- 
ence of  air." 

The  chapters  dealing  with  yeast  and  fermentation  are  in  general  clear 
and  excellently  presented,  except  for  some  vagueness  regarding  the  differ- 
ence between  "high**  (top)  and  *low"  (bottom)  yeasts.  In  the  reviewer's 
opinion  the  chapter  on  Bacterial  and  Putrefactive  Fermentation  is  the 
poorest  in  the  book  as  it  contains  many  inaccuracies  and  misstatements. 
To  include  the  bacteria  imder  the  caption  "Moulds"  is  inexcusable,  and 
there  is  a  lack  of  exactness  or  looseness  of  statement  pervading  the  whole 
chapter. 

We  may  summarize  the  situation  by  saying  that  the  chapter  is  not 
up-to-date  and  presents  an  antiquated  view  of  this  subject. 

When,  however,  the  authors  attack  the  real  subject  of  bread  and  bread- 
making  it  is  at  once  apparent  that  they  are  on  familiar  ground  and  masters 
of  their  art  and  the  results  are  correspondingly  gratifying.  The  book 
then  becomes  a  veritable  mine  of  information  especially  on  the  English 
procedures  and  practically  all  important  researches  on  bread  and  bread - 
making  are  cited  or  referred  to.  All  kinds  of  breads  are  treated,  special 
methods  are  described  in  detaU  and  the  subject  treated  in  a  most  thorough 
and  exhaustive  manner.  This  portion  of  the  volume  cannot  fail  to  be 
a  most  valuable  book  of  reference  for  all  who  are  engaged  in  the  baking 
industry. 

The  chapters  on  the  commercial  testing  of  wheat  and  flour  and  the 
methods  of  analysis  present  a  great  variety  of  analytical  methods.  Some 
of  these  differ  in  certain  respects  from  the  standard  methods  of  the  official 
agricultural  chemists  but  it  is  at  least  interesting  to  have  such  a  variety 
of  methods  of  analysis  collected  in  one  reference  volume. 

From  the  standpoint  of  book-making  the  volume  is  attractive,  the 
printing  is  good,  important  sentences  or  statements  are  printed  in  heavy- 
type  and  thus  made  prominent  and  easily  found,  and  tjrpographical  errors 
are  rare.  Except,  therefore,  for  the  fact  that  there  seems  to  be  a  lack 
of  concentration,  the  volume  must  be  regarded  as  of  the  highest  value 
and  easily  the  most  authoritative  work  upon  the  subject. 

S.  C.  Prescott. 
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THE  SEPARATIOir  OF  THE  RAEE  EARTHS. 

By  C.  Jambs. 
Received  March  23.  1912. 

Since  writing  a  scheme  for  the  separation  of  rare  earths  in  1908,  many 
new  methods  have  been  introduced  and  others  modified.  Furthermore, 
since  commtmications  asking  for  reprints  still  arrive,  the  author  has  con- 
sidered it  advisable  to  bring  the  methods  of  separation  up  to  date. 

The  operations  herein  dealt  with  concern  only  the  rare  earth  elements, 
La,  Ce,  Pr,  Nd,  Sm,  Eu,  Gd,  Tr,  Dy,  Ho,  Er,  Tm,  Yb,  Lu,  and  Ct  together 
with  Yt  and  Sc,  it  being  considered  that  other  metals,  such  as  thorium, 
zirconium,  etc.,  have  been  removed,  if  found  occurring  in  the  oxalate 
precipitate.  A  description  of  the  working  up  of  rare  earth  minerals  will 
be  fotmd  included  in  a  paper  on  thulium.^ 

There  are  four  different  methods  for  attacking  the  crude  oxedates, 
which  depend  upon  the  composition  of  the  latter :  (a)  If  the  mixture  is 
chiefly  composed  of  lanthanum,  much  cerium,  praseod)rmium,  neodymium, 
samarium,  europium  and  gadolinium,  it  should  be  converted  into  the 
neutral  nitrates  and  boiled  with  potassium  bromate  and  marble',  as  re« 
quired  for  the  separation  of  cerium,  (b)  If  only  a  little  cerium  is  present, 
the  oxides  should  be  converted  into  double  magnesium  nitrates,  which 
are  then  fractionated,  the  cerium  being  separated  from  the  fractions 
where  it  is  found  to  occur,  (c)  Should  the  mixture  be  composed  of  gado- 
linium, terbium,  dysprosium,  holmium,  erbium,  thulium,  ytterbium,  lutec- 
ium, celtium,  yttrium  and  scandium  it  is  best  to  commence  with  the 
fractional  crystallization  of  the  bromates.  (d)  When  the  cerium  and 
yttrium  metals  occur  together,  one  must  commence  w^th  the  sodiuni 
sulfate  treatment,  which  is  the  first  operation  shown  on  the  diagram. 

*  This  Journal,  33,  1332. 
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Separation  of  Yi  and  Ce  Group. — T^e  solution  in  the  form  of  the  chloride 
or  sulfate  is  stirred  with  sodium  sulfate  crystals  until  the  praseodymium 
and  neodymium  bands  disappear.  Sodium  sulfate  is  better  than  potas- 
sium sulfate  when  used  with  care.  The  solubilities  of  the  yttriimi  earth 
Sulfates  increase  with  the  addition  of  sodium  sulfate  imtil  the  latter 
reaches  a  certain  concentration,  after  which  the  former  rapidly  decrease. 
When  all  the  cerium  group  double  sulfates  (i)  are  precipitated,  they  are 
filtered  off  and  washed  with  sodium  sulfate  solution.  The  filtrate  is 
acidified,  and  the  rare  earths  thrown  out  by  means  of  oxalic  add  (2). 

Separation  of  Ce. — ^The  double  sodium  sulfates  (precipitate  i)  are  boiled 
with  strong  sodium  hydroxide  until  thoroughly  decomposed.  The  mass 
is  diluted,  filtered  and  washed  with  boiling  water  imtil  free  from  sulfates. 
The  hydroxides  are  dissolved  in  nitric  acid,  the  solution  made  nearly 
neutral,  heated  to  boiling  and  potassium  bromate  added.  ^  When  the 
red  fumes  of  bromine  make  their  appearance,  a  few  lumps  of  marble  are 
added  to  keep  the  liquid  nearly  neutral.  (Recent  experiments  show  that 
powdered  marble,  added  very  gradually,  can  be  used  with  great  advantage, 
when  working  upon  the  large  scale.)  The  whole  is  then  boiled  until 
some  of  the  filtered  liquid  fails  to  give  the  hydrogen  peroxide  test  for 
cerium.  The  marble  (if  in  the  lump  condition)  is  removed  and  the  pre- 
cipitate of  basic  eerie  salts  is  allowed  to  settle  as  much  as  possible,  after 
which  it  is  filtered  off  and  washed  with  water  acidified  with  nitric  add 
(predpitate  3).  The  filtrate  can  either  be  precipitated  in  the  cold  by 
oxalic  add,  or  else  heated  to  boiling  and  the  hydroxides  separated  by 
means  of  an  excess  of  sodium  hydroxide.  The  hydroxides  or  oxalates 
form  predpitate  4.  In  case  oxalic  acid  is  used  to  throw  out  the  rare 
earths,  it  is  advisable  not  to  use  too  much  potassiimi  bromate  in  the  early 
part  of  the  operation,  as  otherwise  much  oxalic  acid  is  used  up  by  the 
oxidation  and  quantities  of  bromine  are  liberated.  When  large  quan- 
tities of  oerium  are  present,  the  boiling  should  be  continued  tmtil  only  a 
little  remains  in  solution;  under  these  conditions  the  cerium  basic  salt, 
after  washing  with  acidified  water,  is  obtained  in  a  very  pure  state.  The 
small  amount  of  cerium  remaining  in  solution  can  then  be  removed  by 
continuing  the  boiling  as  described  above. 

If  necessary,  the  cerium  can  be  purified  by  repeating  the  process,  or  as 
follows:  The  precipitate  is  dissolved  in  concentrated  nitric  add  by  the 
aid  of  a  very  little  alcohol.  The  orange  red  liquid  obtamed  in  this  manner 
is  diluted,  and  boiled  with  lump  marble.  The  solution  must  not  be 
allowed  to  become  alkalin  by  boiling  too  long.  The  predpitate  is  fil- 
tered off  and  the  solution  is  then  treated  with  potassium  bromate,  etc.,  to 
remove  the  remaining  portion.  The  basic  salts  may  be  further  piuified 
by  dissolving  in  hydrochloric  acid,  adding  a  slight  excess  of  sulfuric 
*  James  and  Pratt,  This  Journal,  33>  1326. 
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add  and  heating.  The  crystallin  ceritim  sulfate  is  separated,  and 
washed  with  alcohol.  The  sulfate  is  then  rendered  anhydrous,  made 
into  a  cold  saturated  solution,  and  the  pure  hydrated  sulfate  thrown 
down  by  heating. 

Separation  of  La  Group. — ^The  cerium-free  earths  (4)  if  in  the  state  of 
oxalates  are  ignited  to  oxides.  For  roughly  separating  these  earths  upon 
the  large  scale  the  crystallization  of  the  double  magnesium  nitrates  is 
employed.  These  compounds  crystallize  more  readily  than  the  double 
ammonium  nitrates.  The  magnesium  double  salts,^  2R'^(N03)3.3Mg- 
{l^0^2'^A^2^t  ^^  prepared  by  dissolving  the  rare  earth  oxides  in  a  known 
amount  of  nitric  add.  An  equal  amount  of  nitric  acid  is  then  neutralized 
by  magnesium  oxide,  after  which  the  two  solutions  are  mixed  and  evap- 
orated tmtil,  upon  blowing  on  the  stuiace,  small  crystals  form.  Water 
is  sprayed  over  the  surface  and  the  whole  allowed  to  crystallize  for  about 
twenty-four  hours.  •  The  mother  liquor  is  then  poiu-ed  off  and  evaporated 
further,  while  the  crystals  are  heated  with  water  until  dissolved,  the  cor- 
rect amotmt  to  use  being  soon  learned  by  experience.  Both  fractions 
are  again  allowed  to  crystallize  for  a  like  period,  the  concentration  being 
sudi  that  half  of  the  solid  separates  upon  cooling.  In  the  subsequent 
fractionations  the  more  soluble  moves  in  one  direction  and  the  less  soluble 
in  the  opposit.  After  the  crystallization  of  the  second  series  is  complete 
the  liquid  from  the  most  soluble  portion  is  potu-ed  off  and  evaporated, 
while  the  liquid  from  fraction  I  is  used  as  the  solvent  for  the  crystals 
forming  fraction  II,  water  being  added  or  evaporated  as  may  be  necessary. 
The  least  soluble  portion,  fraction  I,  is  again  dissolved  by  heating  with 
water.  The  above  is  repeated  many  times.  When  the  fractions  at  either 
end  become  too  small  to  work  they  should  miss  one  series  of  operations 
and  then  be  added  to  the  next  lot. 

After  a  few  series  of  crystallizations,  the  least  soluble  portion  becomes 
very  light  colored,  later  growing  nearly  colorless,  and  finally  takes  a  faint 
green  tinge.  "Mien  the  fractions  at  this  end  no  longer  show  the  character- 
istic absorption  bands  of  neodymium,  they  should  be  placed  aside  and 
mixed  together  according  to  the  amount  of  praseodymium  contained 
therein;  in  other  words,  fractions  of  the  same  color  are  united. 

The  most  soluble  portion  changes  very  rapidly.  It  soon  takes  a  yellow 
color  and  shows  a  samarium  spectrum  together  with  the  bands  of  dys- 
prosium, holmium  and  erbium.  Sometimes  at  this  point  the  liquid  re- 
fuses to  crystallize  or  else  a  precipitate  may  form.  If  either  of  these 
things  happens,  it  is  best  to  dilute  with  water  and  predpitate  with  oxalic 
add  in  order  to  separate  the  impurities  that  have  accumulated  and  inter- 
fere with  the  crystallization.  The  insoluble  oxalates  are  converted  back 
to  the  double  magnesium  nitrates  in  the  same  manner  as  already  described. 

^  Demar^ay,  Compt  rend.,  130,  1019. 
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The  neodymium  bands  finally  become  very  weak  in  the  mother  liquors 
from  the  most  soluble  fractions.  These  are  then  set  aside  for  the  pre- 
paration of  samarium,  europium  and  gadolinium.  When  the  samarium 
has  been  separated  the  more  soluble  portion  of  the  remaining  fractions 
rapidly  turns  to  a  beautiful  amethyst  and  when  this  occurs,  it  is  separated 
from  the  rest  as  crude  neod3rmium.  After  the  process  has  been  con- 
tinued for  some  time  longer,  it  will  be  found  that  the  material  has  been 
split  up  into  fotu*  groups  according  to  the  order  of  their  solubilities.  Com- 
mencing with  the  least  soluble  we  have:  (5}  Lanthanum  and  praseodym- 
itmi  magnesitun  nitrates.  (6)  Praseodymium  and  neodymium  mag- 
nesium nitrates.  (7)  Crude  neodymium  magnesium  nitrate.  (8)  Sa- 
marium, europium  and  gadolinium  magnesium  nitrates  together  with 
the  simple  nitrates  of  terbium,  dysprosium,  holmitmi,  3rttrium,  etc. 

Separation  of  La. — ^Lanthanum  and  praseodymium  are  best  separated 
from  each  other  according  to  the  method  of  Auer  von  Welsbach^  which 
consists  of  the  fractional  crystallization  of  the  double  ammonium  nitrates 
of  the  type  M^'(N08),.2(NH4N03)  +  4HjO.  These  compounds  are 
crystallized  from  water  containing  nitric  add  to  the  extent  of  one-tenth 
the  weight  of  the  dissolved  solid.  The  double  salts  are  obtained  by  dis- 
solving the  oxides  in  the  required  amount  of  nitric  acid,'  and  for  every 
three  parts  of  acid  required  for  the  oxides  two  additional  parts  are  neutral- 
ized by  ammonium  hydroxide.  The  resulting  solutions  are  mixed,  filtered 
if  necessary,  and  evaporated  tmtil  small  crystals  form  on  blowing  over 
the  surface  of  the  liquid.  A  little  water  is  then  sprayed  over  the  hot 
solution  and  the  whole  set  aside  to  crystallize.  The  time  required  for 
large  amounts  is  about  twenty-four  hotu-s.  The  process  of  fractionation 
is  then  carried  out  similarly  to  the  double  magnesium'  nitrates.  The 
lanthanum  is  rapidly  obtained  in  a  colorless  condition.  A  saturated 
solution  gives  no  praseodymium  absorption  spectrum  even  when  very 
thick  layers  are  used.  The  lanthanum  ammonium  salt  encloses  only  a 
small  amount  of  mother  liquor,  while  the  double  magnesium  compound 
carries  large  quantities.  Both  cerium  aild  praseodymium  pass  into  the 
more  soluble  fractions  (10). 

The  lanthanum  may  be  further  purified  by  dissolving  in  water  and 
precipitating  by  means  of  oxalic  acid.  This  oxalate  is  treated  with  a 
slight  excess  of  sulfuric  acid,  and  the  whole  gentiy  ignited  tmtil  nearly 
all  the  free  add  has  been  driven  off.  The  sulfate  is  powdered  and  dis- 
solved in  water  at  about  i  ^,  with  rapid  stirring,  until  the  liquid  becomes 
saturated,  after  which  it  is  filtered  and. placed  in  a  water-bath  which  is 
gradually  raised  to  about  32^.  The  solution  rapidly  becomes  solid,  owing 
to  the  separation  of  hydrated  lanthanum  stdfate.  It  is  filtered  upon  a 
Btidmer  f tmnd  and  washed  with  hot  water.    The  small  quantity  that 

^  Manaisk,,  6,  477. 
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remains  in  solution  is  then  thrown  out  by  means  of  oxalic  acid.  The 
crystallized  sulfate  may  be  again  converted  into  the  anhydrous  state  by 
heating,  and  the  solution  of  this,  prepared  in  the  cold,  precipitated  by 
heating  again.    This  lanthanum  material  (9)  should  give  a  fine  white  oxide. 

Though  the  crystallization  of  such  compounds  as  the  metanitroben- 
zenesulfonates  and  bromates  may  give  satisfactory  results,  the  old  method 
of  Auer  von  Welsbach  is  the  best  general  procedure. 

Separation  of  Ft, — ^Praseodymium  can  be  obtained  from  two  sources: 
(a)  From  the  more  soluble  lanthanum  fractions  (10).  (&)  From  the 
mixed  praseodymium  and  neodymium  double  magnesium  nitrates  (6). 
These  are  treated  separately.  Praseodymium  containing  lanthanum  is 
purified  by  continuing  the  fractional  crystallization  of  the  double  ammon- 
ium nitrates.  The  process  is  continued  until  no  more  lanthanum  am- 
monium nitrate  separates  from  the  less  soluble  portions  of  the  series. 
In  this  method  the  praseodymium  accumulates  in  the  most  soluble  por- 
tions. By  fractionating  the  bromates  the  order  is  reversed,  since  lan- 
thanum bromate  is  very  much  more  soluble.  At  a  temperature  of  30° 
the  latter  compound  crystallizes  with  great  difiSculty. 

In  the  second  case,  where  praseodymium  and  neodymium  occur  to- 
gether, it  is  best  to  convert  the  double  magnesium  nitrates  into  the  cor- 
responding manganese  compotmds  2[M^'(NOs)8][.3Mn(N05)3]  -h  24H3O. 
In  order  to  do  this  the  magnesium  double  salts  are  dissolved  in  water, 
the  solution  acidified  and  the  rare  earths  thrown  down  by  oxalic  acid. 
These  oxalates  are  washed,  dried  and  ignited  to  the  oxides.  The  oxides 
are  dissolved  in  a  known  amount  of  nitric  acid.  An  equal  amount  of 
nitric  acid  is  then  neutralized  by  manganese  carbonate.  Any  peroxide 
remaining  undissolved  can  be  brought  into  solution  by  the  addition  of  a 
few  drops  of  dilute  oxalic  acid  solution  to  the  hot  double  nitrates.  The 
manganese  double  salts  are  crystallized  from  nitric  acid  having  a  sp.  gr. 
1.3.  This  fractionation  is  carried  on  tmtil  the  spectnmi  of  neodymium 
disappears.  A  very  concentrated  solution  of  the  nitrate  should  give  no 
trace  of  the  bands  of  the  latter  element  even  when  observed  through  a 
thick  layer. 

The  double  nitrate  (ammonium  or  manganese)  is  dissolved  in  water 
and  precipitated  with  oxalic  acid.  This  oxalate  is  free  from  all  rare 
earth  metals  with  perhaps  the  exception  of  traces  of  cerium.  There  are 
several  methods  for  removing  this  element  such  as:  (a)  Boiling  the 
almost  neutral  nitrate  solution  with  potassitun  bromate  and  marble. 
Instead  of  marble  a  little  precipitated  calcium  carbonate  may  be  added 
occasionally  as  long  as  there  is  any  effervescence.  (6)  Potassium  per- 
manganate and  sodium  carbonate.  Since  praseodymium  is  thrown  down 
also  to  a  slight  extent  the  precipitates  require  working  up  again. 

Praseodymium  oxalate  is  shown  at  ii. 
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Separation  of  Nd, — ^The  crude  double  magnesium  neod3muum  nitrate 
forming  (7)  is  the  starting  point  for  the  preparation  of  piu-e  neodymium 
salts.  The  mother  liquors  together  with  the  most  soluble  crystals  from 
the  double  manganese  fractionation  can  also  be  used.  Moreover,  this 
last  double  salt  can  be  used  for  the  ptuification  of  neod3rmium  with 
results  equal  to  if  not  surpassing  those  of  the  magnesium  salts.  In  the 
case  of  the  double  magnesium  nitrates  water  is  used  as  the  solvent,  which 
makes  the  process  cheaper  and  more  convenient  to  handle  than  nitric 
acid. 

After  more  series  of  crystallizations  have  been  carried  out,  the  liquid 
assumes  a  beautiful  bluish  lilac  color  which  is  better  seen  when  some  of  the 
liquid  is  diluted  somewhat.  The  absorption  bands  in  the  blue  stand  out 
clearly.  An  excellent  test  of  the  purity  of  neod3miium  is  found  by  ob- 
serving the  color  of  the  oxide,  which  is  blue  when  pure. 

By  crystallizing  the  bromates,  the  order  of  the  solubilities  is  reversed; 
neod3rmium  becomes  the  least  soluble,  while  praseodymium  passes  into 
the  mother  liquors. 

Pure  neod3rmium  material  is  found  at  (12)  upon  the  diagram. 

Sm  and  Eu  Separaiion. — Fraction  (8)  contains  not  only  samarium  and 
europium  but  large  quantities  of  gadolinitun,  yttritun,  dysprosium  and 
erbium  earths.  The  double  magnesium  salts  are  crystallized  from  30% 
nitric  add.  The  fractions  rapidly  change  in  their  appearances,  the  least 
soluble  showing  the  yellow  tint  due  to  samarium  while  the  most  soluble 
portions  begin  to  crystallize  badly  owing  to  the  quantities  of  yttrium 
earths  present.  At  this  point  it  is  best  to  commence  the  addition  of  the 
isomorphous  bismuth  magnesium  nijtrate,  which,  as  Urbain^  has  pointed 
out,  places  itself  between  samarium  and  europium.  When  working  upon 
the  large  scale,  the  bismuth  salt  is  crystallized  through  the  mother  liquors 
in  portions  of  one  kilogram  at  a  time.  This  rapidly  removes  all  europium 
from  the  )rttrium  earth  nitrates.  After  crystallizing  many  times,  the 
mother  liquor,  which  shows  a  strong  spectrum  of  dysprosium,  holmium 
and  erbium,  is  placed  aside.  The  s^es  is  then  allowed  to  expand  to 
twenty  or  more  fractions.  Samarium  is  removed  from  the  least  soluble 
end,  after  a  vsery  large  ntunber  of  drystallizations,  when  it  is  considered 
certain  that  all  europium  has  passed  further  along  the  series.  As  soon 
as  the  gadolinium  fractions  next  to  the  samarium  show  a  fine  sharp  ab- 
sorption band  in  the  blue — due  to  etu-opium — ^nitric  acid  of  about  50%  is 
used  as  the  solvent.  By  this  time  most  of  the  samarium  has  been  removed 
in  a  ptu-e  condition  (13)  and  in  addition  nearly  all  the  yttrium,  d3rsprosium, 
erbium  earths,  together  with  quantities  of  gadolinium  from  the  opposit 
end.  Since  the  fractions  now  take  up  only  a  comparatively  small  space, 
it  is  best  to  transfer  all  to  large  casseroles,  which  can  be  covered  with 

*  Compt.  rend,,  138,  84. 


THE  SEPARATION  OF  THB  RARE  EARTHS.  765 

watch  glasses  and  so  prevent  a  considerable  amount  of  inoonvenience 
and  deliquescence.  As  the  work  proceeds,  the  europium  band  is  observed 
to  become  stronger  m  the  fractions  between  samarium  and  gadolinium. 
Later,  the  two  bands  in  the  green  make  their  appearance.  The  fractions 
become  smaller  and  smaller,  since  all  mother  liquors  beyond  one  or  two 
that  give  no  europium  spectrum  have  been  removed.  Only  traces  of 
samarium  should  be  left  by  this  time.  Finally  the  samarium  bands 
disappear  and  the  remaining  fractions  consist  almost  entirdy  of  bismuth 
magnesium  nitrate.  The  fractions  containing  no  gadolinium  are  mixed, 
diluted  and  all  bismuth  thrown  out  by  means  of  hydrogen  sulfide. 
The  dear  filtrate  is  next  treated  with  oxalic  add,  and  the  europium 
oxalate  separated  upon  a  Btidmer  funnd,  washed  and  dried  (14). 

All  the  more  soluble  portions  consisting  of  gadolinium  together  with 
varying  amounts  of  yttrium,  etc.,  form  (15). 

Separaiion  of  Gd. — ^The  earths  from  fraction  (15)  are  converted  into 
oxalates.  These  are  ignited  to  oxides  and  dissolved  m  nitric  add.  The 
simple  nitrates  are  then  fractionated  from  strong  nitric  add.^  Gado- 
linium and  terbium  collect  in  the  first  crystals,  dysprosium,  holmium 
and  yttrium  come  next,  while  )rttrium,  erbium,  etc.,  accumulate  in  the 
mother  liquors.  These  mother  liquors  are  precipitated  with  oxalic  add, 
and  the  insoluble  oxalates  added  to  fraction  (2).  The  intermediate  ni- 
trates condsting  of  dysprosium,  holmium  and  )rttrium  form  lot  (17). 

The  least  soluble  nitrates  comprising  gadolinium  and  terbium  (16) 
cannot  be  purified  by  the  continued  cr3rstallization  of  the  double  mag- 
nesium nitrates  since  the  oxide  remains  of  a  yellow  color,  even  after  many 
thousand  operations.  The  crystallization  of  the  simple  nitrates  effects 
a  separation  very  slowly.  Apparently  the  best  method  for  obtaining  a 
white  gadolinia  is  that  of  the  double  nidcd  nitrate  of  the  type  2Gd(NO,)3.- 
3Ni(NOg),  +  24HjO.'  This  salt  is  crystallized  from  nitric  acid  of  sp.  gr. 
1.3.  Terbium  collects  in  the  more  easily  soluble  crystals  (24).  The 
position  of  gadolinium  is  shown  in  the  diagram  at  18. 

Separatum  of  Crude  Yt  Earths. — ^Fraction  2,  consisting  of  dysprosium, 
holmium,  erbium,  thulium,  ytterbium,  lutedmn,  cdtium,  and  small 
amounts  of  gadolinium  and  terbitmi  together  with  yttrium  and  scandium, 
is  converted  into  the  anhydrous  sulfates  by  treating  the  oxalates  with  a 
slight  excess  of  sulfuric  add  and  heating  until  all  fumes  of  sulfuric  acid 
cease  to  be  evolved.  The  ignited  sulfates  are  dissolved  in  cold  water. 
The  fairly  strong  solution  is  then  gradually  added  to  barium  bromate 
covered  with  a  layer  of  water  and  heated  upon  the  steam  bath.'  The 
mass  is  well  stirred  until  decomposition  is  complete,  i.  e.,  when  some 

>  Demar^ay,  Compt,  rend.,  X32,  73S. 
*  Urbain,  Ibid.,  140,  No.  9. 
-     '  James,  This  JottrnaCo  30,  1S2, 
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of  the  clear  liquid  gives  no  precipitate  with  barium  bromate  solution 
after  diluting  and  boiUng.  It  is  necessary  to  dilute  and  boil,  owing  to 
the  fact  that  a  strong  solution  of  the  rare  earth  bromates  causes  a  pre- 
dpitate  of  barium  bromate  itself.  The  whole  is  next  filtered,  and  the 
barium  sulfate  well  washed  with  hot  water.  If  the  barium  bromate  is 
not  in  a  very  fine  state  of  division,  a  large  amount  remains  unattadced. 
The  dear  filtrate  is  evaporated  until  a  drop  removed  upon  the  end  of  a 
glass  rod  nearly  solidifies  when  stirred  upon  a  watch  glass.  A  little  water 
is  then  sprayed  upon  the  surface  and  the  dish  placed  aside  to  crystallize. 
The  mother  liquor  and  the  crystals  are  fractionldly  crystallized.  The 
absorption  spectrum  soon  shows  that  a  rapid  change  is  taking  place. 
Samarium  and  gadolinium  rapidly  separate  in  the  least  soluble  oystals 
(19)  together  with  terbium.  The  next  fractions  are  colored  yellow  and 
contain  dysprositmi,  holmitun  and  yttrium  with  very  small  quantities  of 
terbium  (20).  The  bromate  that  follows  consists  almost  entirdy  of 
yttrium  contaminated  with  very  small  quantities  of  dysprosium,  hcrfmium 
and  erbitun.  Further  along  the  series  the  bands  of  dysprosium  and  hoi- 
mium  disappear  and  the  only  impiuity  fotmd  is  erbitun  (21).  Practically 
the  whole  of  the.  erbitun  is  contained  in  the  portions  more  soluble  than 
3rttrium  (22).  The  erbium  absorption  is  extremely  intense  and  the  solu- 
tions possess  a  beautiful  rose  red  color.  The  mother  liquors  (23)  are 
nearly  colorless  or  possess  only  a  very  faint  pink  tint.  The  absorption 
spectrum  shows  only  a  trace  of  erbium  together  with  a  strong  spectrum 
of  thulium.  This  fraction  consists  almost  entirdy  of  ytterbium,  lutedum 
and  celtium. 

Scandium  occurs  only  in  traces  in  the  minerals  usually  worl^ed  up. 
Probably  nearly  all  is  lost  during  the  oxalate  precipitations^  due  to  the 
fact  that  scandium  oxalate  is  not  entirely  insoluble  in  water.  The  solu- 
bility is  increased  rapidly  by  free  add.  During  the  fractional  crystalli- 
zation of  salts,  scandium  tends  to  collect  in  the  mother  )A!IeM@r^i  HfYl- 
ever,  if  the  solutions  become  basic,  it  is  likdy  to  be  fotmdiM^^  is§tifSM^ 
further  down  the  series.  In  the  case  of  the  bromates^  ^j^g^<^n|g)ns 
gradually  become  basic  owing  to  a  slight  d€CompositiQQjj^.]^^^^^jj^jp 

the  case,  the  mother  liquors  are  free  from  scaj;dium,jjjg^p^  ^^•^StlSfflff 
fractions  contain  small  quantities.  If  dysprosium  and  holmiumj)^jjjpgf> 
are  carefully  examined,  it  will  in  all  probability  be  fbimd  ^^Pg^^^lj^ 
The  various  methods  for  the  purification  of  scandiiun  will  bgj  ^y^fe^fe- 
wards  the  end  of  this  paper.  ^.^^2  yhiB^  sdT 

The  bromates  forming  (19)  are  converted  into  thj^  ^^}^  V^&$^ 
and  fractionated  from  strong  nitric  acid  similarly  tg^^fel  fflftf^aP^^^f 
earths  derived  from  the  samarium-europiimi  process.  However,  in,  this' 
case,  the  least  soluble  goes  to  24  and  the  more  soy^M  jo  |j^  ni^diU  * 

Separatum  of  Tr, — Practically  all  the  terbij^^j^JM^^tiiltes^innlf  /    In 
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addition  to  this  element,  there  are  also  present  gadolinium  and  dyspros- 
ium. Three  methods  have  been  used  to  separate  this  mixture:  (a) 
Crystallization  of  the  simple  nitrates.  (6)  Fractional  precipitation  by 
ammonium  hydroxide,     (c)  Crystallization  of  the  ethylsuifates. 

When  the  simple  nitrates  are  used,  it  is  best  to  add  a  quantity  of  bis- 
muth nitrate,  which  is  isomorphous  with  the  rare  nitrates  and,  as  Urbain 
has  shown,  comes  between  gadolinium  and  dysprosium  along  with  terbium. 
By.  fractionally  crystallizing  the  nitrates  from  nitric  acid  for  a  few  thou- 
sand times,  it  is  found  that  bismuth  nitrate  accumulates  in  the  middle 
fractions  accompanied  by  terbium.  Gadolinium  is  removed  in  the  least 
soluble  (26)  portions,  while  d3^rosium  is  removed  in  the  mother  liquors 
(27).  The  middle  fractions  are  diluted  and  saturated  with  hydrogen 
sulfide.  The  bismuth  sulfide  is  filtered  off  and  the  filtrate  precipitated 
by  means  of  oxalic  acid.  The  terbium  oxide  obtained  by  igniting  the 
oxalate  (25)  forms  a  black  powder  which  in  solution  gives  a  characteristic 
absorption  spectrum. 

Fractional  fn-edpitation  with  very  dilute  ammonium  hydroxide  grad- 
ually concentrates  terbium  in  the  fractions  slightly  more  basic  than 
dysprosium. 

When  worldly  with  the  ethylsuifates,  terbium  places  itself  between 
gadolinium  and  dysprosium. 

Separation  of  Dy, — So  far,  the  only  really  satisfactory  method  for  the 
separation  of  pure  dysprosiimi  material  is  the  crystallization  of  the  ethyl- 
suifates as  proposed  by  Urbain.  Fractions  17,  20  and  27  carry  neariy 
all  the  dysprosium  present  in  the  original  material.  There  are  two 
methods  by  which  the  ethylsuifates  may  be  prepared:  (a)  Action  of 
the  rare  earth  sulfate  in  solution  upon  barium  ethylsulfate  in  a  similar 
condition.  (6)  By  mixing  alcoholic  solutions  of  the  rare  earth  chlorides 
and  sodium  ethylsulfate. 

When  the  writer  endeavored  to  prepare  the  ethylsuifates  by  using 
the  barium  salt,  the  precipitates  obtained  often  required  days  to  filter. 
They  were  very  difficult  to  wash,  and,  in  addition,  the  barium  sulfate, 
thrown  down,  entrained  quantities  of  the  rare  dysprositun  and  holmiimi 
sulfates.  It  can  readily  be  seen  from  this  that  the  preparation  of  large 
quantities  of  material  takes  a  very  kmg  time  and  also  there  is  a  loss  of 
valuable  material.  These  difficulties  are  all  removed  when  we  employ 
alcoholic  solutions  of  the  rare  earth  chloride  and  sodium  ethylstdf ate  both 
hot  and  concentrated. 

The  fractions  rich  in  dysprosium  are  precipitated  with  oxalic  add,  the 
resulting  oxalates  filtered  off  and  ignited  to  oxides.  These  oxides  are 
then  dissolved  in  hydrochloric  add.  Small  portions  of  oxides  are  then 
added  until  the  solution  becomes  very  slightiy  basic,  after  which  the 
solution  is  evaporated  to  such  a  consistency  that  it  would  solidify  upon 
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cooling.  When  it  has  cooled  down  considerably,  but  while  still  liquid, 
it  is  poured  into  a  quantity  of  95%  alcohol.  This  last  operation  requires 
considerable  care,  if  the  mass  is  very  hot.  Because  the  salt  is  somewhat 
basic,  the  alcoholic  solution  is  very  turbid.  This  solution  is  now  cleared 
by  gradually  adding  concentrated  hydrochloric  add.  drop  by  drop. 
Soditun  ethylsulfate  in  alcohol,  very  hot  and  strong,  is  poured  in  and  the 
whole  well  stirred.  After  heating  for  a  while  upon  the  water  bath  the 
crystallin  precipitate  of  sodium  chloride  is  filtered  off,  washed  with  hot 
alcohol  and  the  filtrate  set  aside  to  crystallize.  The  mother  liquor  is 
poured  off  and  the  crystals  well  drained.  The  liquid  and  crystals  are 
systematically  fractionated  for  a  very  long  time.  The  small  quantity 
of  terbium  separates  in  the  first  few  fractions,  together  with  some  dys- 
prosium (28) .  Pure  dysprosium  (29)  comes  next,  and  these  fractions 
are  followed  by  dysprosium  and  holmium.  The  most  soluble  portions 
are  found  to  contain  holmitun  and  yttrium  (30). 

Separation  of  Ho. — ^Holmium  has  never  been  obtained  in  a  very  pure 
form.  Small  quantities  may  be  freed  from  dysprosium,  but  then  again 
the  fractions  so  obtained  are  very  rich  in  yttrium  and  carry  a  little  erbium. 
The  fusion  of  the  nitrates  is  as  yet  the  best  method  for  separating  yttrium 
from  holmium.  However,  this  method  calls  for  more  material  than  is 
usually  obtained.  Probably  two  or  three  years  may  elapse  before  this 
element  is  obtained  in  the  form  of  a  pure  compound.  Fraction  30  upon 
the  diagram  must  be  converted  into  the  nitrate  and  fractionated  as  de- 
scribed under  yttrium.  This  should  eventually  give  a  pure  basic  holmium 
nitrate  (31)  while  yttrium  nitrate  and  some  holmium  nitrate  (32)  will 
remain  as  the  more  stable  portion. 

Separation  of  Yt, — ^The  best  sources  for  yttrium  are  found  in  fractions 
21  and  35^  i.  e.,  if  the  latter  has  been  obtained. 

Many  methods  have  been  described  for  the  purification  of  yttrium 
such  as:  The  chromate  method;  the  decomposition  of  the  nitrate  by 
fusion;  the  action  of  magnesium  oxide  upon  a  concentrated  boiling 
solution  of  the  nitrate;  etc. 

The  chromate  method  is  very  useful,  if  terbium  is  present  as  an  im- 
purity. However,  under  usual  conditions  (when  bromates  or  ethylsul- 
fates  have  been  used)  it  is  absent.  Muthmann  and  Bdhm's  chrotnate 
method,  one  of  the  best,  is  as  follows: 

The  oxides  are  dissolved  in  chromic  add  solution,  40  grams  RsO,  are 
contained  in  each  liter.  The  liquid  is  then  treated  with  potassium  chro- 
mate solution  until  it  becomes  doudy.  It  is  placed  in  a  retort,  heated 
to  boiling,  and  rapidly  stirred  with  a  current  of  steam.  Another  tube 
passing  through  the  cork  carries  a  stopcock  by  means  of  which  the  potas- 
sium chromate  solution  can  be  added  and  controlled.  Six  fractions  are 
usually  taken.    Fractions  I  and  II  are  obtained  by  employing  10%  po- 
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tassiwn  chromate  solution.  To  get  the  remaming  fractions,  potassium 
chromate  of  5%  strength  is  used.  By  regulating  the  burner  underneath 
the  retort,  the  volume  can  be  kept  constant.  This  method  is  excellent 
when  one  is  working  upon  a  small  scale.  The  writer  finds  that  a  neutral 
earth  nitrate  solution,  to  which  potassium  dichromate  has  been  added, 
works  as  well  as  the  chromate  solution. 

When  there  are  large  quantities  of  srttrium  material  to  be  purified  the 
old  method  of  fusing  the  nitrates  is  undoubtedly  the  best.  If  terbium 
is  present  as  an  impurity,  a  pure  white  yttrium  oxide  cannot  be  obtained. 
In  order  to  carry  out  this  method  the  oxides  are  dissolved  in  nitric  acid, 
the  solution  evaporated  and  the  nitrates  fused  until  a  portion  has  de- 
composed. When  working  on  a  large  scale,  porcelain  dishes  are  used, 
while  casseroles  are  fotmd  very  convenient  for  smaller  amounts.  During 
the  decomposition,  the  evolution  of  red  fumes  is  allowed  to  proceed  until 
the  surface  assumes  a  glazed  appearance.  This  point  is  easily  ascertained 
by  experience.  The  decomposition  should  never  be  allowed  to  advance 
so  that  the  mass  becomes  of  a  thick  creamy  nature.  The  best  method 
for  obtaining  a  solution  of  the  melt  is  to  potu:  the  fused  mass  into  a  sufii- 
dent  quantity  of  cold  water.  Gieat  care,  however,  is  required  and  stirring 
usually  aids  the  operation  very  much.  A  large  amount  of  cold  water 
must  be  avoided,  since  it  is  desired  that  the  solution  should  be  concen- 
trated after  about  five  minutes'  boiling.  As  the  fused  nitrate  is  gradually 
added  to  the  water,  the  temperature  rapidly  rises  and  the  whole  suddenly 
begins  to  boil  violently.  When  the  dish,  which  contained  the  melted  ^t, 
has  cooled  sufficiently,  a  little  water  is  added  and  the  whole  heated  until 
the  glassy  mass  has  disintegrated,  after  which  it  is  added  to  the  main 
bulk.    The  latter  is  then  boiled  for  five  minutes  and  set  aside  to  cool. 

Under  the  best  conditions  the  entire  mass  goes  into  solution;  especially 
is  this  true  of  the  }rttrium  end  of  the  series.  Upon  cooling  it  will  be  found 
that  the  basic  nitrate  separates  in  a  crystallin  form.  At  the  opposit 
end,  the  least  basic  portion  of  the  fractions,  there  always  remains  an  in- 
soluble basic  nitrate,  tmless  the  decomposition  is  stopped  at  an  earlier 
stage,  t.  «.,  when  there  is  a  copious  evolution  of  red  fumes. 

In  case  a  precipitate  remains,  it  is  highly  important  that  it  be  well 
agitated  by  thoroughly  boiling.  After  cooling,  the  precipitate  (fraction 
B)  is  filtered  off,  redissolved  in  nitric  add  and  again  fused.  The  filtrate 
(fraction  A)  is  also  boiled  down  and  fused.  This  second  series  gives  two 
filtrates  and  two  predpitates.  The  fiiltrate  from  fraction  B  is  mixed 
with  the  predpitate  from  fraction  A  with  the  result  that  the  second  series 
contains  three  fractions,  etc. 

Pure  3rttrium  nitrate,  which  is  eventually  obtained,  forms  lot  33  upon 
t)ie  diagiam  while  the  less  basic  portion  forms  34. 

SeparcUion  of  Er. — Fractions  34  and  22  contain  practically  the  whole 
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of  the  erbium  found  in  the  original  mineral.  It  contains  a  considerable 
amdtmt  of  3rttrium  with  perhaps  traces  of  scandium,  thulium  and  hoi- 
mium.  Yttrium  is  best  separated  by  fractionally  decomposing  the  td-^ 
trate  by  fusion.  Since  erbium  nitrate  decomposes  easily,  the  tempera^ 
ture  is  not  raised  quite  so  high  as  in  the  case  of  nearly  ptuie  yttrium.  The 
least  basic  portion,  obtained  after  a  large  ntunber  of  series,  consists  oi 
erbium  basic  nitrate  (36).  The  yttrium  concentrates  in  more  basic  frac- 
tions, which,  when  united,  form  35,  The  best  method  for  iiemovii^ 
scandium  is  to  crystallize  the  nitrates  from  nitric  add  (fairly  strong). 
Holmium  and  thtdium  are  separated,  if  still  found  contaminating  the 
material,  by  converting  back  to  the  bromate  and  employing  fractional 
crystallization  from  water.  This  last  method  also  causes  yttrium  to  pass 
into  the  less  soluble  crystals. 

According  to  work  carried  out  by  the  author,  erbium  is  not  nearly  so 
common  as  many  are  led  to  believe.  During  concentration,  the  material 
rapidly  becomes  less,  the  erbium  solutions  become  more  rose  ooloved  and 
the  absorption  spectrum  appears  very  intense. 

Separation  0}  Tm. — ^Por  the  preparation  of  pure  thulium  material  the 
most  soluble  fractions,  obtained  during  the  original  bromate  crystalliEa- 
tions,  are  used.  These  contain  thtditmi,  ytterbium,  lutecium  and  odtitma 
with  traces  of  erbitun.  The  solution  is  nearly  colorless.  It  shows  the 
absorption  bands  of  thulimn  and  mere  traces  of  those  of  erbium.  Usually, 
however,  the  greater  portion  consists  of  the  jrtterbium  metals.  The 
fractionation  of  the  bromates  is  carried  on  in  a  room  which  has  a  tem- 
perature of  about  16^.  Higher  temperatures  are  inconvenient,^  owing  to 
the  formation  of  very  concentrated  solutions.  Casseroles  form  thci  best 
containers,  and  the  concentration  should  be  such  that  the  greater  portion 
separates  in  the  solid  condition  upon  cooling.  Prom  the  fact  that  super- 
saturated solutions  tend  to  form  with  extreme  ease,  the  crystallization 
must  necessarily  be  started  by  a  tiny  crystal. 

Diuing  the  first  few  series,  erbium  rapidly  separates  in  the  least  soluUe 
portion,  after  which,  the  other  fractions  become  colored  greenish.  As 
soon  as  the  mother  liquors  fail  to  give  any  thulitun  absorption  bands, 
when  examined  in  a  saturated  solution  of  about  10  cm.,  they  are  placed 
aside  for  the  preparation  of  ytterbium,  etc.  Thulium  is  found  to  ooUect 
in  the  fractions  between  erbium  and  ytterbhrnii  The  solutions  becomie 
colored  a  faint  bluish  green  and  show  a  very  intense  absorption  spectrum 
consisting  of  three  bands.  If  very  great  care  is  taken,  dilute  alocdiol 
can  be  used  as-  solvent  for  a  short  time — best  towards  the  end  of  the 
work.     However,  it  soon  shows  signs  of  being  attacked  by  the  bromate. 

Thtdium  is  very  rare,  and  in  order  to  obtain  a  few  grams  of  the  oxide 
in^'a  pure  condition,  one  must  commence  with  large  quantities  of  suitable 
mineral. 
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Yb,  and  Lu,  Ci, — Ytterbium,  lutedum  and  celtium  are  contained  in  the 
mother  liqiAora  from  tl^  purification  of  thulium  {3S).  They  can  be  frac- 
tionated by  means  of  the  bromates,  if  the  solution  be  not  allowed  to  be- 
come basic.  One  must  deal  with  large  amounts  owing  to  their  great 
solubilities.    Urbain  recommends  the  use  of  the  nitrates  from  nitric  acid. 

Celtium  is  said  to  occtsr  in  gadolinite,  from  the  crude  earths  of  which 
it  can  be  separated  by  repeatedly  crystallizing  the  simple  nitrates  from 
nitric  add.  It  separates  in  the  mother  liquor,  being  more  soluble  than 
lutecium. 

Scandium. — Scandium  occurs  in  few  minerals  to  any  extent,  such  as 
wiikite  from  Lake  Ladoga,  Finland,^  also  in  orthite  from  the  same  lo- 
cality,' also  in  residues  from  the  working  up  of  certain  tungsten  minerals. 
This  element  is  easily  detected  by  means  of  its  spectrum,  as  Crookes  has 
pointed  out,  and,  when  found  to  occtff  in  any  fractions  or  in  minerals  in 
quantity,  can  be  separated  by  methods  of  R.  J.  Meyer,  (a)  The  hydro- 
diloric  add  solution  is  precipitated  with  sodium  silicofluoride.'  (6)  Scan- 
dium can  also  be  separated  by  sodium  thiosulfate.  Meyer  says  the  sepa- 
ration is  almost  quantitative;  no  trace  of  scandiiun  remains  in  the  filtrate; 
the  predpitate  contains  thorium  (if  present)  and  only  very  small  amounts 
of  the  yttrium  earths,  which  can  be  removed  by  repeated  predpitation 
with  thiosulfate.    This  method  is  better  than  the  sodium  silicofluoride. 

(c)  Separation  of  thorium  and  scandium  by  means  of  soditun  carbonate: 
The  concentrated  chloride  solution  is  poured  into  a  solution  of  sodium 
carbonate  containing  20%  of  anhydrous  carbonate.  One  liter  of  sodium 
carbonate  solution  is  used  for  every  10  g.  of  scandium  oxide.  The  scan- 
dium (Kssolves  entirdy  on  stirring  and  warming.  It  is  then  boiled  rapidly 
for  half  an  hour,  when  the  double  carbonate  is  precipitated  as  a  powder. 
The  voltune  of  the  solution  should  be  kept  constant  during  the  boiling. 
After  the  crystallin  powder  has  settled,  the  liquid  is  poured  off,  and  the 
precipitate  washed  by  boiling  with  20%  sodium  carbonate  solution  for 
15  minutes — this  is  repeated  three  times.  The  double  carbonate  is  dis- 
solved in  two  liters  of  cold  water;  four  hours  and  constant  stirring  are 
required  for  this  purpose.  The  liquid  is  then  filtered,  acidified  with 
hydrochloric  acid  and  the  hydroxide  thrown  down  by  ammonium  hy- 
droxide while  boiling.  The  scandium  hydroxide  is  filtered  off  and  well 
washed  with  boiling  water  until  free  from  alkali.  If  necessary,  the  opera- 
tion is  performed  again.  Finally  the  chloride  solution  is  precipitated 
with  oxalic  add. 

DyRHAM,  Nsw  Hampsqoui, 
March  18.  1912: 

•  Crookes,  Proc,  Roy,  5oc.,  80,  (A),  516. 

•  R.  J".  Meyer,  Sitzungsber.  K.  Afcad.  Wiss.,  Berlin,  1911,  379. 

•  Z.an&rg,  Chem,,  6%  398. 
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[Contribution  vrom  thb  CHSmcAL  Laboratory  op  Nbw  Hamfshirs  Coixbgs.] 
THE  QUANTITATIVE  DETERMHTATIOir  OF  YTTRIUM. 

By  C.  p.  Wbrtbmorb  and  C  Jambs. 
Recehred  March  29. 1912. 

Having  encountered  difficulties  in  the  determination  of  yttrium  in  the 
presence  of  sodium,  the  authors  made  a  systematic  study  of  the  quanti- 
tative determination  of  jrttrium  in  the  presence  of  this  and  certain  other 
elements. 

A  neutral  solution  of  yttrium  chloride  was  first  prepared  and  caiieftilly 
standardized  by  precipitation  with  oxalic  add.  Then  the  yttrium  in 
25  cc.  portions  of  this  solution  was  precipitated  with  various  reagents 
in  the  presence  of  other  elements. 

In  the  Presence  of  Sodium. — For  the  purpose  of  studying  the  separation 
from  sodium,  lo  cc.  of  a  saturated  solution  of  sodium  sulfate  wete  added 
to  each  25  cc.  sample  of  the  standard  yttrium  chloride  solution.  Sodium 
hydroxide,  the  first  reagent  employed,  gave  the  following  results: 


No.  of  cc. 
standard 
YCI3  aolutioo. 

No.  of  cc.  of  sat- 
urated Boltttion  of 
NaiS04  ivesent. 

YtOsfoctiid. 
Oram. 

Oram. 

25 

10 

0.1643 

25 

ID 

0.1647 

25 

10 

0.1640 

25 

10 

0.1647 

25 

ID 

0.1638 

25 

ID 

Aven 

0.1640 

ige,  0.1642 

0. 1575 

Since  these  figures  were  considerably  too  high,  5  N  ammonium  hydrox- 
ide was  tried  but  with  equally  unsatisfactory  results. 

Oxalic  acid  gave  exceedingly  high  results  due  to  the  carrying  down  of 
sodium. 

The  next  precipitants  used  were  the  ammonitun  salts  of  several  organic 
compounds. 

Ammonium  anisate  formed  a  precipitate  which  gave  low  results  owing 
to  its  slight  solubility. 

Yttriiun  palmitate  was  investigated  but  was  found  unsatisfactory  and 
no  determination  was  made. 

Ammonitun  phthalate  and  ammonium  fumarate  formed  no  precipi- 
tates with  yttrium  chloride  in  dilute  solution,  probably  on  account  of  the 
formation  of  soluble  double  compotmds. 

Ammonium  benzoate  precipitated  jrttrium  from  the  neutral  solution 
at  fixst,  but  the  compound  dissolved  in  an  excess  of  the  reagent. 

The  next  reagent,  ammonium  sebacate,  gave  a  perfectly  quantitative 
separation,  and  the  precipitated  yttrium  sebacate  was  fotmd  to  be  com- 
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paratively  easy  to  filter  off  and  wash.    The  average  of  several  determi- 
nations showed  a  good  agreement  with  the  standard: 


No.  of  cc. 

of  standard 

Yds  solutioii. 

No.  of  cc.  of  Mt- 
urated  solution 
NasS04  present. 

V3O3  found. 
Gram. 

YiOjin 

standard. 
Gram. 

25 

10 

0.1582 

•    •   •   • 

25 

10 

0.1573 

■    ■   ■    • 

25 

10 

O.1581 

•   •  •    ■ 

25 

10 

Avcrj 

0.1579 

•   •   ■    • 

Bige,  0.1578 

0.1575 

In  the  Presence  of  Potassium, — Having  eliminated  the  diflSculty  of  the 
separation  of  yttrium  from  sodium,  the  separation  from  potassium  was 
next  taken  imder  consideration.  •  Amjnonium  hydroxide  and  ammonium 
sebacate  were  tried  without  success.  Finally  a  double  precipitation, 
as  the  sebacate,  proved  satisfactory.     The  following  data  were  obtained. 

Ammonium  Hydroxide. 

No.  of  cc.  No.  of  cc.  of  sat-  YaOa  in 

of  standard       orated  sotutlon  of  Y^s  found.  standard. 

YCU  solution.       KsS04  present.  Gram.  Gram. 

35  5  0.1639  .... 

25  5  0.1625  


Average,  0.1627 

0.1575 

Ammonium  Sbbacatb. 

25 

5                      0.1592 

•  •  •  • 

25 

5                       0.1599 

•  •  •  • 

25 

5                       0.1590 

•  •  •  • 

25 

5                       0.1596 

•  •  •  • 

Average,  0.1594 

0.1575 

Ammonium  Sbbacate. 

Double  Precipitation. 

25 

5                       0.1536 

•  •  •  •  ■ 

25 

5                       0.1543 

•  • .  • 

Average,  o.  1539  o.  1537 

After  finding  a  satisfactory  separation  from  sodium  and  potassium  it 
seemed  advisable  to  study  the  separation  from  iron,  aluminium,  lithium 
and  magnesium.  As  the  result  of  several  trials,  it  was  fotmd  that  yttrium 
could  be  quantitatively  separated  as  the  oxalate  in  the  presence  of  am- 
monium chloride. 

In  the  Presence  of  Iron, — 10  cc.  of  a  io%  ferric  chloride  solution  were 
added  to  25  cc.  of  the  standard  yttrium  chloride  solution  and  the  whole 
diluted  to  approximately  100  cc.  After  heating  to  boiling,  the  )rttrium 
was  precipitated  by  means  of  oxalic  acid.  This  oxalate  was  first  slightly 
reddish  brown  Jb:ut  became  white  on  stanjiiug.    The .  ignited  oxide,  how- 
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ever,  was  slightly  colored.  Other  determinations  were  made  in  which 
the  oxalate  was  precipitated  from  a  cold  solution  with  ammonium  chloride 
present.  In  this  case,  a  white  oxide  was  obtained.  The  average  of 
these  determinations  agreed  well  with  the  standard: 

Average  Y^Og  in  presence  of  FeClj,  0.1536  gm. ;  Y,0,  in  standard,  0.1537 
gm. 

In  the  Presence  of  Aluminium. — In  order  to  study  the  determination 
of  yttrium  in  the  presence  of  aluminium,  10  cc.  of  a  10%  aluminium 
chloride  solution  were  added  to  the  25  cc.  sample  of  the  standard  solution. 
Yttrium  oxalate  was  precipitated  from  the  cold  solution  in  the  presence 
of  ammonitun  chloride.  The  result  of  this  determination  was  also  in 
close  agreement  with  the  standard: 

Average  YjOg  in  presence  of  AlCl,,  0.1539  gm. ;  Y^O,  in  standard,  0.1537 
gm. 

In  the  Presence  of  Lithium. — ^To  the  25  cc.  of  the  standard  solution  of 
yttrimn  chloride,  10  cc.  of  a  10%  lithium  chloride  solution  were  added. 
Yttrium  was  precipitated  as  in  the  previous  case  and  with  equally  satis- 
factory results: 

Average  Y^Oj  in  the  presence  of  LiCl,  0.1536  gm.;  Y,0,  in  standard 
0.1537  gm. 

In  the  Presence  of  Magnesium. — Yttrium  oxalate  was  precipitated  from 
25  cc.  samples  of  the  standard  yttrium  chloride  solution  to  which  10  cc. 
of  a  10%  magnesium  chloride  solution  had  been  added.  As  in  the  pre- 
ceding cases,  there  was  a  complete  separation: 

Average  Y^Oj  in  presence  of  MgCl,,  0.1537  gm.;  YjOj  in  standard, 

0.1537  gm. 

Summary. 

1.  Ammonium  sebacate  affords  a  quantitative  separation  of  yttrium 
from  sodium. 

2.  A  double  precipitation  with  the  same  reagent  gives  a  complete 
separation  from  potassimn. 

3.  Oxalic  add  in  the  presence  of  ammonium  chloride  effects  a  perfectly 
satisfactory  separation  from  iron,  aluminium,  lithium  and  magnesium. 

DUBfiAK ,  NSW  HAMP8BIRS. 


[Contribution  prom  thb  Biochbmical  Laboratory  of  Harvard  Mbdical  School.] 

IS  lOinZATIOIT,  AS  INDICATED  BY  COWDUCTIVITY,  A  HECES- 
SARY  PREREQUISITE  FOR  THE  COMBINATIOIT 

OF  ACIDS  WITH  BASES? 

By  Otto  Folin  and  Prbd  P.  Plandbks. 
Received  March  11. 1912. 

Sometime  ago  a  method  was  described  by  Folin  and  Wentworth,  based 
on  the  titration  of  acids  by  means  of  sodium  ethylate,  using  as  ^1  vents 
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organic  liquids  such  as  chloroform,  benzene,  toluene,  or  carbon  tetra- 
chloride, and  was  found  satisfactory  for  the  determination  of  fatty  acids.  ^ 
Since  that  time  a  practical  method  for  the  determination  of  benzoic  add 
has  been  worked  out,'  and  more  recently  a  method  for  the  estimation  of 
hippuric  acid  in  tuin,  based  on  the  same  principle.* 

Viewed  from  the  standpoint  of  the  electrolytic  dissociation  theory, 
the  conditions  of  these  titrations  are  unusual,  and  apparently  not  entirely 
in  accord  with  the  current  views. 

The  reaction  between  an  acid  and  an  alkali  is  to  be  regarded  as  a  t3rpical 
ionic  reaction.  Walker*  states  "acidity  is,  on  the  theory  of  electrolytic 
dissociation,  attributed  to  the  presence  of  hydrion  and  alkalinity  to  the 
presence  of  hydroxidion  in  the  solution."  Therefore  the  reaction  be- 
tween an  add  and  an  alkali,  in  its  last  analysis,  must  be  the  reaction 
between  hydrion  and  hydroxidion. 

In  organic  solvents,  however,  reactions  cannot  so  easily  be  regarded 
as  ion  reactions.  According  to  Ostwald*  substances  are  not  ionized  in 
solvents  of  the  character  of  benzene.  He  says,  "In  order  therefore  to 
separate  a  substance  from  its  solution  in  water  by  ether,  benzene,  or  any 
such  liquid,  it  must  be  brought  into  a  condition  in  which  it  is  neither  an 
ion  itself,  nor  a  constituent  of  one."  **It  is  only  the  non-ionized  portion 
which  is  affected  by  the  process  of  extraction.'' 

Prom  this  point  of  view  then,  an  add  could  only  be  present  in  solution 
in  benzene  in  the  unionized  state.  This  idea  is  confirmed,  in  so  far  at 
least  as  benzoic  acid  in  benzene  is  concerned,  by  Walker*  who  gives  the 
molecular  weight  of  benzoic  add,  determined  by  the  freezing-point  method 
in  benzene,  as  223-236,  showing  that  it  corresponds  nearly  to  double 
molecules.  Many  investigators^  have  shown  that  substances  are  ionized 
to  a  far  less  degree  in  alcohol  than  in  water.  According  to  Kablukoff* 
the  ionization  decreases  as  the  molecular  weight  of  the  alcohol  increases. 
The  same  investigator  finds  that  even  hydrochloric  add  is  only  very  feebly 
ionized  in  such  solvents  as  benzene,  toluene  and  xylene.' 

Furthermore,  that  there  is  a  certaib  parallelism  between  ionization  and 

^  Folin  and  Wentworth,  /.  Biol.  Chem.,  7,  421  (19x0). 
'  Folin  and  Flanders,  /.  Am.  Chem.  Soc.,  33,  161  (191 1). 
'  Folin  and  Flanders,  /.  Biol.  Chem.,  ix,  257  (1912}. 

*  "Introduction  to  Phys.  Chem.,"  p.  315,  5th  cd. 

'  Ostwald,  "Set.  Foundations  of  Anal.  Chem.,"  3d  Eng.  ed.,  p.  94.  See  also  p.  56 
for  similar  statements. 

•  Walker,  "Elements  of  Phys.  Chem.,"  5th  cd.,  p.  205. 

'  Fitzpatrick,  Phil.  Mag.,  24,  378  (1887).  Hartwig,  Wied.  Ann.,  33,  58  (1888); 
43, 838  (1891).  Vdllmer,  Ibid.,  52,  328  (1894).  Kawalld,  Ibid.,  52, 324  (1894}^  Schall, 
Z.  physik.  Chem.,  14,  701  (1894).  Kablukoff,  Ibid.,  4,  429  (1898).  Jones,  Ibid.,  32, 
133^(1899). 

*  Z.  physik.  Chem.,  4,  432  (1889). 

•  Ibid.,  4,  429  (1889). 
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chemical  reactivity  on  the  one  hand  and  chemical  reactivity  and  con- 
ductivity on  the  other,  seems  to  be  a  fundamental  concept  of  the  theory 
of  electrolytic  dissociation.  Jones^  says  ''Molecules  as  such  have  little  or 
no  chemical  aflBnity;"  and  "We  have  already  reached  a  point  where  we 
can  say  that  nearly  all,  if  not  all  chemical  reactions  are  due  to  ions,  mole- 
cules as  such  not  entering  into  chemical  action/' 

Ostwald'  outlines  a  certain  experiment,  **To  show  the  parallelism  be- 
tween conducting  power  and  capability  of  chemical  reaction." 

The  failure  of  dry  hydrogen  sulfide*  to  precipitate  mercuric  chloride 
in  absolute  alcohol  has  been  cited  as  due  to  lack  of  ionization.*  From 
these  various  expressions,  one  is  led  to  the  conclusion  that  a  solution  of  a 
substance,  to  possess  chemical  reactivity,  must  be  ionized,  and  that  this 
ionization  would  be  disclosed  by  its  conductivity.  Or  conversely,  a 
substance  which  did  not  exhibit  some  degree  of  conductivity  would  ap- 
pear to  be  non-ionized  and  hence  would  ordinarily  not  be  expected  to 
possess  chemical  reactivity.  Kahlenberg,  however,  has  never  accepted 
the  electrolytic  dissociation  theory  and  from  among  his  many  ingenious 
experiments,  made  to  show  that  it  does  not  hold  for  reactions  in  organic 
solvents,  may  be  mentioned  the  reaction  of  dry  hydrogen  chloride  on  dry 
copper  oleate  in  benzene  solution.* 

Our  experimental  evidence  proves  that  all  classes  of  ^.dds  may  be 
titrated  by  sodiimi  ethylate,  in  organic  solvents.  The  only  limitation 
seems  to  be  that  of  solubility  of  the  acid  in  the  solvent  employed.  Acids 
which  were  not  readily  soluble  in  chloroform  were  first  dissolved  in  lo  cc. 
of  absolute  alcohol,  diluting  to  loo  cc.  with  chloroform.  Oxalic,  succinic, 
malic,  citric  and  tartaric  acids  were  treated  in  this  manner  and  found  to 
give  sharp  end  points.  Hydrochloric,  acetic,  propionic,  caproic,  cinnamic, 
lactic,  salicylic,  benzoic  and  picric  acids  were  dissolved  in  chloroform 
alone.  The  end  points  were  excellent.  Even  picric  acid  yielded  quan- 
titative results.  Particularly,  the  very  weak  acids  which  cannot  be 
titrated  at  all  in  aqueous  solution  on  accoimt  of  hydrolysis,  are  found 
to  yield  excellent  results  in  organic  solvents.  This  point  has  been  tested 
on  stearic,  palmitic  and  oleic  acids,  and  even  on  hydrogen  sulphide.  The 
latter,  dissolved  in  chloroform,  titrates  with  a  fairly  sharp  end  point 
when  phenolphthalein  is  employed  as  indicator.     Carbon  dioxide  could 

*  "Elements  of  Phys.  Chem.,"  p.  440,  4th  ed. 

'  "Sci.  Foundations  of  Anal.  Chem.,"  3d  Eng.  ed.,  p.  236. 
■  Jones,  "Elements  Phys.  Chem.,"  p.  439. 

*  Purely  as  a  matter  of  interest,  we  have  found  that  mercuric  chloride  dis- 
solved in  equal  parts  of  absolute  alcohol  and  benzene  can  be  titrated  with  sodium 
ethylate  giving  a  fair  end, point  with  phenolphthalein.  The  titration  appears  to  be 
nearly  quantitative. 

*  kiahlenberg,  /.  Physic.  Chetn.y  6,  i  (1902).  See  also  Stieglitz,  "Qual.  Anal.," 
Vol.  I  (191  x),  pp-  72  to  87,  for  a  most  interesting  discussion  of  this  phase  of  the  subject. 
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not  be  titrated  either  in  chloroform  or  in  benzene.  The  reason  for  this 
is  obvious,  carbon  dioxide  in  the  absence  of  water  not  being  an  acid.  . 
In  view  of  the  apparent  discrepancy  between  our  own  observations 
and  the  accepted  teachings  it  seemed  to  us  well  worth  while  to  determin 
the  conductivity  of  some  of  our  solutions.  The  results  obtained  have, 
however,  not  cleared  up  this  discrepancy,  as  shown  by  the  specific  con- 
ductivities recorded  below: 

Specific  con- 
Solution,  dttctirity  at  18  ^ 

o,i  N  sodium  ethylate (Prepared  from  sodium  and 

absolute  alcohol)  1.4  X  lo"' 

0.05  iV  sodium  ethylate (o.i  N  sodium  ethylate  di- 
luted with  an  equal  vol- 
ume of  benzene)  i .  6  X  lo*** 

0.1  N  benzoic  acid In  pure  benzene  Too  small  to  measure 

0.05  N  benzoic  add (o.i  N  benzoic  add  in  ben- 
zene diluted  with  an  equal 
volume  absolute  alcohol)  8.6  X  10"* 

Sodium  benzoate (Saturated  soln.   in    equal 

parts     absolute    alcohol 

and  benzene)  2 . 8  X  lo""' 

As  was  to  be  expected,  the  conductivity  of  the  benzoic  acid  in  benzene 
was  immeasurably  small. 

The  benzoic  acid  solution,  whether  in  a  mixture  of  alcohol  and  benzene 
or  benzene  alone,  could  be  titrated  with  a  perfectly  sharp  end  point, 
either  by  the  sodium  ethylate  or  the  same  diluted  with  an  equal  volume 
of  benzene.  The  presence  of  benzene  considerably  decreases  the  con- 
ductivity of  the  solutions,  but  not  the  reactivity,  as  the  titrations  were 
as  sharp  as  when  the  larger  proportions  of  alcohol  were  used.  The  sodium 
benzoate  is  not  very  soluble  in  the  mixed  solvent,  and  is  partially  pre- 
cipitated toward  the  end  of  the  titration. 

In  order  to  avoid  this  difficulty,  a  solution  oT  oleic  acid  was  prepared 
for  study.  Sodium  amylate  was  used  as  the  alkali,  as,  according  to 
Kablukofif,*  it  might  be  expected  to  have  much  less  conductivity*  than 
the  ethylate.  The  following  table  gives  the  conductivities  of  the  solu- 
tions employed: 

specific  con- 
Solution,  ductivity  at  18*». 

0.1  N  sodium  amylate In  piure  amyl  alcohol  2 .2  X  lo"* 

0.05  N  sodium  amylate (A  new  soln.  of  amylate  in 

equal  parts  amyl  alcohol 

and  benzene)  3  •  3  X  io~' 

0,1  N  oleic  add In  pure  benzene  Too  small  to  measure 

0.025  ^  sodium  oleate (In  equal  parts  amyl  alco- 
hol and  benzene)  2.5  X  10"' 

0.1  N  benzoic  add In  pure  amyl  alcohol  3 .8  X  10"' 

Pure  amyl  alcohol 4.5  X  io~' 

'  Loc.  cit. 


778  OTTO  IfOLIN  AND  FRBD  P.   FLANDERS. 

The  amyl  alcohol  itself  had  some  conductivity,  as  is  shown  by  the 
figure  on  the  pure  solvent.  It,  as  well  as  the  benzene,  had  been  treated 
with  sodium  and  distilled. 

Titrations  were  made  with  the  0.05  N  amylate  in  mixed  amyl  alcohol 
and  benzene,  against  the  oleic  acid  in  pure  benzene,  and  also  by  adding 
an  equal  volume  of  amyl  alcohol  before  titrating.  The  end  points  were 
sharp  and  satisfactory.  The  0.025  N  sodium  oleate  was  prepared  by  ti- 
trating a  measured  amotmt  of  oleic  acid  in  benzene,  to  which  had  been 
added  an  equal  volume  of  amyl  alcohol,  with  the  0.05  N  amylate  in  50% 
benzene  solution. 

The  table  shows  one  interesting  feature.  With  the  exception  of  the 
first,  the  conductivities  of  the  solutions  appear  to  be  almost  independent 
of  the  dissolved  substance;  that  is,  they  are  of  about  the  same  order  as 
the  amyl  alcohol  itself  and  are  possibly  due  to  it  in  each  case.  The  first 
solution  of  sodium  amylate  in  alcohol  had  been  prepared  from  alcohol 
which  had  not  been  treated  with  sodium  and  distilled,  and  its  greater 
conductivity  is  probably  due  to  this  fact.  Titrations  were  made  with 
both  this  solution  and  that  from  purified  alcohol  mixed  with  benzene. 
No  difference  could  be  observed  in  speed  of  titration  or  sharpness  of  the 
end  point. 

Other  indicators  than  phenolphthalein  were  also  tried,  with  the  oleic 
acid  and  sodium  amylate,  both  made  up  in  a  mixture  of  equal  parts  of 
amyl  alcohol  and  benzene.  Phenolphthalein,  thymophthalein,  rosolic 
acid,  alizarin,  hematoxylin  aud  alizarin  red  gave  results  as  regards  sharp- 
ness of  end  point,  about  in  the  order  named.  Any  one  of  the  first  three 
named  might  be  used  with  a  fair  degree  of  success.  Phenolphthalein  is, 
however,  the  most  satisfactory.  Other  indicators,  congo  red,  methyl 
orange,  eosin,  fluorescein,  tropaeolin  00,  and  dimethylaminoazobenzene 
were  tried.  None  of  these  gave  the  acid  reaction  with  oleic  acid.  From 
this  it  appears  that  the  distinction  between  mineral  and  other  acids  holds 
here  as  in  aqueous  solutions.  A  trace  of  mineral  acid  shaken  with  the 
solution  gave  the  acid  reaction  with  all  the  indicators. 

The  conductivity  measurements  recorded  in  this  paper  were  made 
with  the  Ostwald  cell,  with  plates  set  about  0.5  cm.  apart.  Unusual 
accuracy  is  not  claimed  for  the  measurements.  The  resistance  of  the 
solutions  is  very  high,  and  accurate  measurements  would  require  appa- 
ratus especially  suited  to  this  class  of  work.  We  are  not  prepared  to 
assert  that  oiu*  solutions  were  absolutely  free  from  water,  in  the  sense 
used  in  physical  chemistry,  nor  to  deny  that  the  results  which  we  obtain 
on  titrating  weak  acids  in  organic  solvents,  can  be  explained  on  the  basis 
of  the  enormous  speed  of  a  few  ions  which  may  be  present  without  ap- 
preciably affecting  the  conductivity  of  the  solutions.^  It  is  of  cotu-se  a 
*  Haber,  Z.  Elektrochem,,  10,  433,  473  (1904). 
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fact  that  we  have  always  had  some  alcohol  present  in  our  titrations,  as 
carrier  of  the  alcoholate,  and  even  amyl  alcohol  has  some  dissociating 
power.  Curiously  enough,  however,  the  addition  of  alcohol  in  larger 
amounts  makes  the  end  point  of  the  titrations  less  sharp  than  when  the 
amotmt  of  alcohol  is  kept  at  a  minimum.  We  would  emphasize  that  our 
titrations  have  been  made  with  solutions  of  add  and  alkali  which  have 
almost  no  conductivity,  that  the  resulting  salt  solutions  also  have  prac- 
tically no  conductivity,  that  the  reaction  is  instant  and  that  the 
action  of  the  indicator  does  not  differ  materially  from  that  observed  in 
aqueous  solutions.   * 


[Contributions  from  thb  Rssbarch  Laboratory  of  Physical  Chbmistry  of  ths 

Massachxtsbtts  Institutb  of  Tbchnouxsy.    No.  82.] 

THE  DISSOCIATION  PRESSURES  OF  SODIUM  Ain>  POTASSIUM 

HYDRIDES. 

Bt  Frbdbxxck  O.  Kbybs. 
Received  March  23. 1912. 

I.  Review  of  Previous  Investigations. 

Gay-Lussac  and  Thfnard*  were  the  first  to  observe  that  metallic  sodium 
and  potassium  absorb  hydrogen.  In  the  case  of  sodium  no  quantitative 
results  were  obtained.  They  observed,  however,  in  the  case  of  potassium, 
that  one  equivalent  of  the  metal  absorbed  one-quarter  of  an  equivalent 
of  hydrogen. 

Troost  and  Hautefeuille'  studied  the  reaction  and  measured  the  equilib- 
rium pressure  of  hydrogen  over  both  the  metals.  They  also  attempted 
to  determin  the  composition  of  the  hydrides.  The  analysis  was  made 
by  saturating  a  definit  weight  of  metal  and  subsequently  pumping  out 
and  measuring  the  hydrogen  gas.  No  details  of  the  experiments  are 
given,  but  the  formulas  NajH  and  K,H  are  assigned.  Equilibrium 
measurements  for  both  hydrides  were  made  from  330®  to  430°.  The 
values  will  be  presented  below. 

Henri  Moissan*  prepared  both  hydrides  by  heating  the  metals  in  a  cur- 
rent of  hydrogen  gas.  The  excess  of  metal  was  then  extracted  from  the 
product  by  means  of  liquid  ammonia.  The  analysis  of  the  hydrides 
thus  obtained  was  made  by  decomposing  the  compounds  with  water  and 
measuring  the  volume  of  gas  evolved.  The  data  gave  the  formulas  NaH 
and  KH.  Moissan  studied  various  properties  of  the  hydrides.  He  found 
that  they  were  insoluble  in  organic  solvents,  and  that  they  reacted  with 
carbon  dioxide  to  form  formates.  The  dissociation  pressures  were  not 
measured. 

*■  Recherches  physico^himiqties,  i|  176. 

•  CompU  rend,,  78,  807  (1874). 

•  Ibid,,  X34,  71  (1902). 
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2.  The  Experimental  Method. 

The  apparatus  used  to  study  the  dissociation  of  the  hydrides  is  repre- 
sented in  Fig.  I.  The  method  followed  was  to  distil  the  metals  into  the 
reaction  tubes  and  then  to  connect  them  with  the  manometers  without 
permitting  contact  with  the  air.  The  manometers  being  exhausted, 
hydrogen  was  admitted  and  the  reaction  tubes  were  heated,  by  means  of 
a  resistance  furnace,  to  the  desired  temperattu'e. 

The  metals  used  were  taken  from  the  same  stock  as  was  employed  in 
in  the  electrode  potential  measurements  of  Lewis  and  Kraus*  and  Lewis 
and  Keyes.* 

The  hydrogen  was  prepared  in  vacuo  by  the  action  of  air  free  distilled 
water  on  4%  soditun  amalgam.  The  apparatus  for  this  purpose  is  repre- 
sented by  I  (Pig.  i).    The  amalgam  was  placed  in  I  and  distilled  water 

f 
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Fig.  I. 


*  This  Journal,  3a,  1459  (1910). 
'/6ui.,  34,  119(1912). 
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in  H.  The  apparatus,  includmg  the  part  J,  was  thoroughly  exhausted 
through  P.  The  stopcock  at  the  upper  end  of  the  water  chamber  H 
was  opened  during  the  exhaustion  for  the  purpose  of  boiling  the  water, 
thus  freeing  it  completely  from  dissolved  air.  After  exhaustion,  a  few 
drops  of  water  were  admitted  to  the  amalgam  and  the  whole  apparatus 
re-exhausted.  The  water  was  then  run  onto  the  amalgam,  and  the 
evolved  hydrogen,  after  being  dried  by  means  of  the  phosphorus  pent- 
oxide  tube  shown  in  the  figure,  was  collected  in  the  reservoir  J. 

The  method  of  preparing  the  reaction  tubes  d  was  as  follows:  A 
small  portion  of  metal  was  placed  in  the  capsule  c.  The  latter  was  then 
introduced  into  the  reaction  tube  R  and  the  end  of  the  reaction  tube 
sealed  oflf  at  S.  The  capillary  portion  of  the  reaction  tube  was  joined 
to  the  ground  connection  p.  The  tip  of  the  latter  was  then  sealed  to 
the  pump,  and  the  whole  reaction  tube  completely  exhausted.  By  means 
of  a  cylindrical  resistance  heater  which  slipped  over  the  tube  R  the 
metal  could  be  distilled  into  the  part  of  the  tube  marked  d.  The  por- 
tion of  the  reaction  tube  containing  the  capsule  could  then  be  sealed  ofif 
at  a  and  the  tip  n  sealed  from  the  pump.  Connection  was  then  made 
with  the  manometers  r  by  means  of  the  groimd  glass  piece  m.  After 
exhausting  the  manometer  connections,  the  reaction  tube  n  was  rotated 
,  in  the  ground  glass  joint  imtil  the  tip  n  pressed  against  the  glass  pro- 
jection inside  m,  thus  breaking  off  the  tip  and  affording  communication 
with  the  inside  of  the  reaction  tube.  By  this  device  the  clean  distilled 
metal  could  be  introduced  without  contact  with  the  air.  Hydrogen  was 
now  admitted  from  the  reservoir  J,  and  the  temperature  of  the  fmnace 
having  been  adjusted,  the  equilibrium  pressures  could  be  read  off  directly 
on  the  manometer  r. 

The  furnace  used  was  constructed  of  a  35  cm.  length  of  iron  pipe  having 
an  internal  diameter  of  15  cm.  The  pipe  was  covered  with  asbestos 
cloth  and  mica,  and  was  wound  with  suitable  resistance  wire.  A  fan 
was  introduced  from  the  bottom  of  the  furnace  to  provide  vigorous  stir- 
ring. As  has  been  pointed  out  before,  vigorous  stirring  is  essential  if 
a  imiform  temperature  is  desired.  Temperatiu-es  were  measured  by  means 
of  a  copper-constantan  thermoelement.  The  temperature-electro- 
motive force  ctu-ve  for  the  couple  was  obtained  from  the  boiling  points 
of  water,  naphthalene,  benzophenone,  and  sulphur.  The  values  for  the 
boiling  points  under  atmospheric  pressure,  together  with  the  electro- 
motive force  values,  are  given  in  the  following  table: 

Boiliaff-point.  £.  M.  P.  in  millivolts. 

Water 100. o  3 -150 

Naphthalene^ 218.0  8.830 

Benzophenone* 306.0  13 .  550 

Sulphur 444.7  21.57 

*  Bull.  Bureau  of  Standards,  7,  8  (1911). 
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The  attempt  was  made  to  study  the  rate  of  the  reaction  at  different 
temperatures.  The  measuring  chamber  B  was  used  to  introduce  a 
measured  volume  of  hydrogen;  and  from  this  and  the  known  volume  of 
the  reaction  tube  the  initial  pressure  could  be  computed.  The  rate  was 
not  proportional  to  the  hydrogen  pressure,  owing  probably  to  surface 
effects  in  the  reaction  bulb.  The  rate^  of  absorption  of  hydrogen,  however, 
is  approximately  sixteen  times  as  rapid  at  300°  as  at  200°.  Above  300® 
the  rate  of  absorption  of  hydrogen  was  so  rapid  that  accurate  readings 
could  not  be  obtained  on  the  manometer. 

Some  difficulty  was  experienced  above  375*^-400°,  owing  to  the  action 
of  the  metal  on  the  glass.  The  glass  walls  of  the  reaction  tube  were  of 
coiu-se  thoroughly  heated  before  distillmg  in  the  metal.  This  precaution 
seemed  to  lessen  the  action  very  materially.  '  In  the  case  of  sodium,  the 
action  was  much  more  marked  than  in  the  case  of  potassium.  The  result 
of  this  action  on  the  glass  seemed  to  be  the  production  of  a  gaseous  prod* 
uct,  since  on  lowering  the  temperature — say  to  300° — the  observed 
pressure  was  greatly  in  excess  of  the  equilibrium  pressiu*e.  On  the 
other  hand,  in  the  case  of  experiments  where  a  temperature  of  380^-400® 
was  not  exceeded,  the  equilibrium  pressures  at  the  lower  temperatures 
could  be  produced  exactly.  In  fact,  the  equilibrium  pressures  were 
obtained  with  both  increasing  and  decreasing  temperature  in  every  ex- 
periment. On  account  of  the  difficulty  described  above,  no  measure- 
ments were  made  much  above  400®. 

3.  The  Vapor  Pressures  of  Liquid  Sodium  and  Potassium. 

The  equilibrium  pressure  determined  by  the  method  described  above 
is  the  sum  of  the  partial  pressures  of  the  hydrogen  in  equilibrimn  with 
the  metal,  the  vapor  pressure  of  the  solid  metfd  hydride,  and  that  of  the 
metal.  The  equilibrium  pressure  of  the  hydrogen  alone  is  needed  to 
determin  the  constants  in  the  equation  which  is  to  represent  the  restdts. 
The  vapor  pressure  of  the  solid  metal  hydride  was  neglected.  The  vapor- 
pressures  of  the  metals  have  been  measured  only  in  the  case  of  sodium. 
Jewett'  determined  the  vapor  density  of  metallic  sodium,  and  from  the 
data  obtained  he  computed  the  vapor  pressiu*e  at  the  corresponding 
temperatiu-es.  Gebhardt'  measiu-ed  directly  the  vapor  pressure  6f  this 
metal  between  380°  and  570°  in  a  glass  apparatus.  The  two  sets  of  data 
do  not  agree  even  approximately — ^Jewett  giving  10.72  mm.  at  410°  and 
Gebhardt  1.7  mm.  at  the  same  temperature.  In  view  of  the  action  of 
the  metal  on  glass  referred  to  above,  it  is  probable  that  even  Gebhardt's 

*  In  2V4  min.  at  300**  the  pressure  dropped  from  575  mm.  to  501  mm.,  while  at 
215°  the  pressure  fell  from  477.5  mm.  to  418  mm.  in  39  min. 

*  Phil,  Mag.,  4,  546  (1902). 

*  Ber,  physik.  Ges,,  3,  184  (1905). 
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values  are  much  too  high.  That  there  are  in  reality  serious  errors  in 
Gebhardt's  data  is  shown  by  the  fact  that  they  give  values  for  the  heat  of 
evaporation  of  the  metal  which  increases  enormously  with  increasing 
temperature,  whereas  they  should  decrease. 

A  more  reliable  estimate  of  the  vapor  pressure  may  be  obtained  by 
means  of  the  following  computation  based  upon  the  vapor  pressure 
equation  of  Clausius  and  on  Trouton's  rule,  which  states  that  the  ratio 
of  the  molal  heat  of  vaporization  to  the  boiling  point  on  the  absolute 
scale  is  constant.  Mercury  has  been  found  to  give  the  value  22  for 
Trouton's  constant.  Assuming  that  this  constant  has  the  same  value 
for  sodium  and  potassium,  and  taking  the  boiling  points  of  these  metals 
as  878°  and  758°,  we  obtain  25,322  cal.  and  22,678  cal.,  respectively,  for 
the  atomic  heats  of  evaporation  (IS).  With  the  aid  of  these  data,  and 
of  the  difference  (AC^  of  the  atomic  heat  capacities  of  the  liquid  metal 
(as  given  by  Bernini^)  and  of  the  moaatomic  vapor  (as  calculated  from 
the  kinetic  theory),  we  may  substitute  nmnerical  values  in  the  following 
thermodynamic  equation  expressing  the  change  of  the  vapor  presstu^ 
p  with  the  temperature  T: 


,.,  p  -  S-'^i-.^^'ir  +  const 


We  thus  obtain  the  equations: 

For  Na:    logj^p  =  —  — —  —  1.35  log,,r  +  12.40. 

For  K;    log^^/?  «  — —  0.40  logi^7'  —  o.oooSr  +  10.73. 

These  equations  give  for  the  vapor  pressure  of  sodium  at  400°,  0.24 
mm.,  and  for  that  of  potassium,  1.4  mm.  The  magnitude  of  the  vapor- 
pressure  of  the  metals  themselves  may  therefore  be  neglected,  in  com- 
parison with  the  dissociation  pressure  of  the  hydrides. 

4.  The  Equilibrium  Pressures  of  Sodium  Hydride. 

A  large  number  of  reaction  tubes  were  prepared  in  the  manner  already 
described.  No  effort  was  made  to  adjust  the  temperature  for  fixed  inter- 
vals or  at  any  particular  point,  but  measurements  were  made  at  various 
temperatures  between  about  250°  and  400°.  The  equilibriiun  presstu'es 
within  this  interval  were  obtainable  for  either  rising  or  falling  tempera- 
tures. The  separate  observations  are  given  in  Table  I.  The  pressures 
are  expressed  in  millimeters  of  mercury. 

These  data  were  combined  by  plotting  the  logarithm  of  the  pressure 
in  millimeters  against  the  reciprocal  of  the  absolute  temperature.    A 

»  Physik,  Z.,  7,  168  (1906). 
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Tablb  I. — Obsbrvso  Valxtes  op  ths  Vapor  Prbssurb  op  Sodium  Htdrids. 
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380.0 
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587.3 

329 -5 
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414.8 

588.0 

330 -2 

31^0 

361.5 

82.5 
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•    ■    • 

•    •    • 

332.7 

32.8 

372.0 

121. 5 

391.0 

262.7 

•    •    ■ 

•    •    • 

large  scale  plot  like  that  represented  in  Fig.  2  was  thus  obtained.     Proxn 
this  plot  the  pressures  were  read  off  at  a  series  of  round  temperatures 


awm 


Mt440 


Aa 


differing  by  10°,  and  the  values  so  read  off  are  given  in  Table  II  in  the 
column  headed  "obs."  The  column  headed  "T  and  H"  contains  the  data 
obtained  by  Troost  and  Hautefeuille. 
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Table.  II.- 

-Vapor  Prsssurss  of  Sodium  Hydrids  at  Round  Ti 

SMFBKATU: 

Oba. 

Calc 

Obt. 

aac. 

/. 

Iogio/». 

logio^. 

P- 

TandH. 

^ 

290** 

0.700 

0.718 

501 

•    •  • 

5.22 

300 

0.904 

0.902 

8.02 

■    •   • 

7.98 

310 

1.094 

1.093 

12.42 

•    •   • 

12.40 

320 

1.270 

1.275 

18.62 

•    •   • 

18.84 

330 

1.454 

1.452 

28.45 

28.0 

28.31 

340 

1.620 

1.6234 

41.69 

40.0 

41.98 

350 

1.792 

1.7894 

61.94 

57.0 

61.58 

360 

I  950 

1.9574 

89.13 

75.0 

90.66 

370 

2.IIO 

2 . 1067 

128.83 

lOO.O 

127.91 

380 

2.260 

2.2586 

181.97 

150.0 

181.39 

390 

2.410 

2.4062 

257.0 

280.0 

254 -8 

400 

2    550 

2.5496 

354-8 

447.0 

354.5 

410 

2.694 

2.6888 

•   ■   •   • 

598.0 

488.4 

420 

■    •    • 

2.8244 

•   •   •   • 

752.0 

667.4 

430 

•    •    • 

2.9566 

■   •   ■   • 

910.0 

904.9 

Ftom  these  equilibrium  presstires  and  existing  data  on  specific  heats, 
it  is  possible  to  evaluate  the  heat  of  dissociation  and  its  change  with  the 
temperature.  The  heat  of  reaction  was  calculated  for  the  two  tempera- 
ture intervals  340^-350°  and  350^-360®  by  means  of  the  equation 

2.3  logi.  />i/^  =  QtlR^ilT^  —  ilTO; 
and  the  average  of  these  values,  14,740  cal.,  was  taken  to  represent  the 
heat  of  dissociation  of  one  formula  weight  NaH  at  350®.  By  combining 
this  with  the  heat  capacity  data  the  change  of  the  heat  of  the  reaction 
with  the  temperature  was  obtained.  The  heat  capacity  of  liquid  soditmi 
has  been  determined  by  Bernini,^  and  found  to  be  7.68  cal.  per  gram  atom. 
The  molal  heat  capacity  of  hydrogen  was  taken  to  be  6.5  +  0.0009  T. 
The  atomic  heat  capacity  of  hydrogen  in  its  compounds  was  taken  as  2.3, 
and  that  of  sodium  as  6.4,  giving  8.7  cal.  for  the  heat  capacity  of  NaH. 
From  these  data  we  obtain  the  equation  Q>^  =  13110  +  2.5T. 

The  heat  of  reaction  at  ordinary  temperature  is  calculated  to  be  13,860 
cal.  per  gram  atom  of  soditun.  Forcrand^  measured  the  heat  of  this 
reaction  by  dissolving  definit  portions  of  NaH  in  water,  and  found  the 
heat  evolved  to  be  25,800  cal.  per  mol.  of  sodium  hydride.  The  heat  of 
solution  of  sodium  was  taken  as  42,400  cal.  per  gram  atom  of  sodium. 
The  heat  of  formation  of  sodium  hydride  is  accordingly  16600  cal.  This 
value  is  considerably  larger  than  that  obtained  from  the  equilibrium 
meastu-ements.  Forcrand  made  four  experiments,  using  0.0120,  0.0380, 
0.0227  a^<i  0.0070  gram  of  matmal.  According  to  his  value  of  the  heat 
of  reaction  the  largest  quantity  used  would  give  to  the  calorimeter  about 
40.8  cal.,  while  the  smallest  quantity  would  give  approximately  7.5  cal. 

*  Loc.  cii. 

'  Porcrand,  Campf.  rend.,  140,  990  (1905). 
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What  type  of  calorimeter  Porcrand  used  is  not  stated.  Neither  does 
he  mention  the  quantity  of  water  used  in  the  calorimeter.  The  quantity 
necessary  to  give  one  degree  rise,  assuming  the  calorimetric  apparatus 
to  have  zero  heat  capacity,  would  be  only  40.8  cc.  in  one  case  and  7  oc. 
in  another. 

By  substituting  the  above  expression  for  Q»^  in  the  thermodynamic 
equation  d  log  p  =  Qt/RT^dT  and  integrating,  we  obtain  the  following 
expression  for  the  dissociation  pressure  p  of  sodium  hydride  at  any  tem- 
perature: 

^ogioP  =  —  5700/r  +  2.5  logy^T  +  3.956. 
The  values  calculated  by  this  equation  are  given  in  Table  II  in  the  column 
heade'd  **calc."    It  will  be  seen  that  the  deviations  between  the  observed 
and  calculated  values  seldom  exceed  1%. 

5.  The  Equilibrium  Pressures  of  Potassium  Hydride. 

The  observed  values  of  the  equilibrium  pressures  of  potassitun  hydride 
are  given  in  Table  III. 

Tablb  III. — Obssrvbd  Valxtbs  op  ths  Vapor  Prsssurbs  op  Potasshtm  HvDRmB. 

t.              p.            t.  p.             u  p.                t.  p. 

215.0®  0.1  319-5**  i8-5  3410®  39-8  377-3**  218.5 

250.0  0.5  320.0  18.5  341-5  41-3  376-0  227.5 

270.0          2.1  320.8  18.8  342.0  40.2  378.5  164.3 

290.0          4.8  321.6  17.9  345>o  46.0  379-0  172.8 

293.7          5.6  325-1  22.5  3490  57.3  380.0  175-8 

293.9          6.7  326.2  19.8  353-0  62.3  389.8  279.6 

294.0          6.0  328.3  27.0  354-2  62.8*  390.5  277.0 

295.5  6.7  330-0  27.8  355.5  77.0  39I-0  273.0 

300.0          7.7  330.2  30.5  356.4  77.5  406.5  541.8 

302.0          7.5  330.3  25.7  358.0  73.9  407.7  542.5 

304.0          8.1  332.7  30.5  358.5  85.0  408.0  542.7 

309.0  II. 5  334.6  33.0  359.0  77.8  412.5  539.5 

310.0  II. 4  337-0  34-0  361.5  91.6  413-2  535-3 

311. 0  II. 6  337-8  33-8  363-0  98.0  413-5  543-0 
314.2  12.6  338.0  34.8  364.0  95.0  414.8  563-7 

318.1  15.8  3390  37.3  372.0  205.5 
318.5  16.3  340.2  55.5  373-2  208.5 

These  values  were  treated  according  to  the  same  procedure  as  that 
followed  in  the  case  of  soditun  hydride.  The  data  were  plotted  with 
log  p  and  i/T  as  codrdinates,  as  shown  in  Pig.  3.  The  equation  obtained 
is: 

^ogtop  =•  —  5850/7^  +  2-6  log»r  4-  3-895. 

The  heat  of  reaction  per  equivalent  of  potassium  hydride  is  calculated 
to  be  14,240  cal.  at  ordinary  temperatures.  No  direct  measurement  of 
the  heat  of  this  reaction  has  been  previously  made.    The  observed  vapor 


DISSOCIATION  PRBSSURHS  OP  SODIUM  AND  POTASSIUM  HYDRIDES.   787 


MfJI* 

« 

^0fJ»0 

/' 

( 

40fSd4 

f 

MlS»0 

4    ^' 

.* 

^aifo 

yf 

1 

I 

■ 

\ 

T 

/ 

/ 
4 

.oafm»» 

/ 

^- 

MfTMO 

/ 

• 
• 

f/^3 

49imP9 

' &4                 aa                 tl                 *€                 LO                 tM                 tJa                3.Z                 J6                4<i 

L^/*                                  KH 

pressure  interpolated  for  round  temperatures  and  the  vapor  pressures  calcu- 
lated by  the  above  equation  are  presented  for  comparison  in  Table  IV. 

Tablb  IV. — Vapor  Pressures  of  Potassium  Hydride  at  Round  Temperatures. 


Obt. 

Calc. 

Obs. 

Calc. 

u 

loc^ 

log.  A 

P- 

T.  and  H. 

^ 

300^ 

0.866 

0.865 

7.31 

•    •   • 

7.32 

310 

1.060 

1.053 

11.49 

■    •    • 

11.29 

320 

1.246 

X.240 

17.62 

■    ■    • 

17.38 

330 

1.426 

1.424 

26.6 

45  0 

26.55 

340 

1.600 

1.598 

39.8 

58.0 

39.61 

350 

1.768 

1.770 

58.6 

72.0 

58.89 

360 

1-934 

1.937 

85-9 

98.0 

855 

370 

2.094 

2.098 

124.2 

122.0 

125.3 

380 

2.248 

2.255 

177.0 

200.0 

179.89 

390 

2.404 

2.407 

253.5 

363.0 

255.27 

400 

2.556 

2.555 

259.74 

548.0 

258.92 

410 

2.706 

2.697 

508.15 

736.0 

497.73 

420 

2.852 

2.839 

•   •  •   • 

916.0 

690.24 

430 

2.998 

2.976 

6.  Si 

•   •   •   • 

tumnarv. 

1114.0 

946.24 

The  dissociation  presstu'es  of  sodium  hydride  and  potassiiun  hydride 
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between  250°  and  400*^  have  been  measured;  and  the  following  equations 
expressing  them  in  millimeters  of  mercury  have  been  derived: 

For  NaH:  log,.p  =  —  5700/r  +  2.5  log^oT  +  3.956. 

For  KH  logio/>  =  —  5850/r  +  2.6  \og^.T  +  3-895. 

The  vapor  pressure  equations  for  liquid  sodium  and  potassium  have 
been  calculated  from  the  following  data:  (i)  the  boiling  points  of  these 
substances;  (2)  their  heats  of  vaporization,  derived  from  Trouton's  rule 
(assuming  the  same  constant  as  for  mercury) ;  and  (3)  the  heat  capacities 
of  the  liquids  and  the  vapor.     These  equations  are 

For  Na:  log  />  =  —  6200/r  —  1.35  log  T  +  12.4. 

For  K:  log  />  =  —  Sooo/T  —  0.40  log  T  —  0.0008T  -f  10.73. 

The  heat  of  reaction  at  ordinary  temperatures  has  been  calculated 
from  the  measiurements,  and  found  to  be  13,860  calories  per  formula- 
weight  of  sodium  hydride  (NaH)  and  14,240  calories  per  formula-weight 
of  potassium  hydride  (KH) . 

Boston,  March.  1912. 


A  CORRELATION  OF  THE  ELASTIC  BEHAVIOR  OF  METALS  WITH 
CERTAIN  OF  THEIR  PHYSICAL  CONSTANTS. 

By  John  Johnston. 
Received  April  15.  1912. 

As  is  well  known,  the  effect  of  pressure  acting  on  both  the  solid  and 
liquid  phase  of  a  single  substance  is  to  raise  or  lower  its  melting  point 
according  as  the  process  of  melting  is  accompanied  by  an  increase  or  a 
decrease  of  volume  respectively,  the  latter  being  the  exceptional  case. 
But  when  pressure  acts  only  on  the  solid  phase,  but  not — or  not  to  the 
same  extent — on  the  liquid  phase,  the  melting  point  is  always  lowered 
and  by  an  amount  which  is  many  times  as  great  as  the  corresponding 
change  produced  by  the  same  pressure  acting  on  both  the  liquid  and  the 
solid  phase.  For  example,  the  melting  point  of  ice  is  lowered  by  0.0075*^ 
per  atmosphere  of  equal  pressure,  but  by  about  12  times  as  much,  or 
0.09°  per  atmosphere,  when  the  pressure  acts  only  on  the  ice.*  The 
latter  type  of  pressure  we  shall  for  convenience  in  what  follows  designate 
by  the  term  "imequal  pressure." 

A  study  of  the  work  of  Spring  and  others  rendered  evident  a  parallelism 
between  the  melting  point  of  a  substance  and  the  ease  with  which  it  will, 
when  subjected  to  (non-imiform)  compression,  flow  or  weld  into  a  more 
or  less  solid  block;  namely,  that  the  higher  the  melting  point  of  the  ma- 
terial, the  less  readily  does  it  flow,  or  weld  together,  imder  compression. 

*  a.  J.  H.  Poynting,  PhU.  Mag.,  [5]  12,  32  (1881);  Ostwald's  "Lehrbuchder  AUg^ 
meinen  Chemie"  2  Aufl.,  Vol.  2,  II,  pp.  374-9;  or  Roozeboom's  "Heterogene  Gldchgc- 
wichte,"  WcL  i,  pp.  213-7. 


CORRELATION  OF  THE  ELASTIC   BEHAVIOR  OF  METALS.  789 

From  this  it  is  obvious  that,  if  it  be  assumed  that  the  process  of  flow  is 
a  maaifestation  of  a  real  melting  produced  by  the  compression,  the  pres- 
sure must  be  tmequal  in  character;  that  is,  the  presstu'e  acting  on  the  solid 
must  be  greater  than  that  on  the  liquid  phase.  For,  when  the  same 
pressure  acts  on  both  phases,  the  melting  point  of  practically  all  substances 
is  raised,  and  not  lowered,  as,  on  this  explanation  of  the  phenomenon, 
we  assume  it  to  be.  It  seemed  of  interest,  therefore,  to  calculate  the 
effect  of  tmequal  pressure  in  lowering  the  melting  point  of  metals,  to 
compute  the  amotmt  of  such  pressure  required  to  cause  the  metal  to  melt 
at  or  about  the  ordinary  temperature,  and  to  investigate  if  the  pressure 
computed  in  this  way  can  be  correlated  with  any  of  the  mechanical,  or 
other,  properties  of  the  metals. 

The  equation  made  use  of  in  calctilating  the  effect  of  unequal  pressure 
on  the  melting  point  is  derived  most  readily  in  the  way  employed  by  G. 
N.  Lewis  in  a  parallel  case — ^the  calculation  of  the  variation  of  osmotic 
pressure  with  temperature.* 

Let  A  be  the  activity*  of  the  substance  in  the  solid  phase,  and  A'  the 
activity  in  the  liquid  phase.  Now,  if  the  pressure  on  the  solid  phase 
alone  is  increased  by  JP,  then  the  temperature  of  equilibrium  will  be 
changed  by  an  amount  dT.  Since  both  phases  are  initially  in  equilibrium, 
the  activity  of  the  solid  (i4)  and  that  of  the  liquid  (i4')  must  be  equal; 
moreover,  they  must  again  be  equal  when  equilibrium  is  re-established. 
Hence  A  =  A',  and  dA  =  dA\  or  dSnA  =  dlnA'. 

Now,  the  change  in  IxlA  is  due  to  temperature  change  alone;  the  change 
in  \xlA'  is  due  to  change  in  temperature  and  change  in  pressure;  that  is, 

^  -  iW  ^r 

and 

Equating  the  right  hand  members  of  these  equations,  we  have 

Substituting  for  the  partial  differentials  their  values  from  the  fundamental 
thermodynamic  equations,'  and  combining  the  left  hand  terms,  gives 

*  Tms  JotJRNAL,  30,  680  (1908).  I  am  much  indebted  to  Prof.  Lewis  for  bring- 
ing to  my  attention  this  method,  which  is  so  much  more  succinct  than  the  mode  of 
derivation  which  I  had  at  first  made  use  of. 

■  For  a  definition  and  discussion  of  the  term  "activity,"  see  Lewis,  "Outlines  of  a 
New  System  of  Thermodynamic  Chemistry,"  Proc,  Am.  Acad.,  43,  259  (1907);  Z. 
physik.  Chem.,  6i|  129  (1907). 

•Lewis,  equations  V  and  VIII,  Proc.  Am.  Acad.,  43,  266,  267  (1907);  Z.  physik, 
Chem.,  61,  137,  138  (1908). 
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LdT 

VdP 

R-n 

RT 

dT 
dP" 

VT 

L 

(I) 


where  V  is  the  molal  volume  of  the  solid  phase,  T  its  melting  pomt  on 
the  absolute  scale  (both  phases  under  the  same  pressure),  and  L  its 
molal  heat  of  fusion.  The  quantities  V  and  T  are  always  positive,  but 
L  (as  here  used)  is  always  negative;  hence  application  of  excess  pressure 
on  the  solid  phase  •always  lowers  the  melting  point.* 

This  differential  equation  is  rigorously  correct;  but  in  order  to  inte- 
grate it,  we  must  know  how  V  and  L  change  with  the  temperature  and 
with  the  pressure.  The  variation  of  V  is  determined  by  the  coeflSdents 
of  expansion  and  of  compressibility,  which  are  known  for  comparatively 
few  substances.  With  regard  to  the  other  factors,  oiu*  knowledge  of  L 
at  the  ordinary  melting  point  imder  atmospheric  pressure  is  as  yet  ex- 
tremely unsatisfactory  in  character  and  limited  in  scope,  while  our  ig- 
norance of  its  variation  with  either  temperature  or  presstu-e  is  practically 
complete.  However,  in  the  case  of  the  metals  at  least,  this  difl&culty 
is  not  so  serious,  as  is  shown  by  the  following  considerations: 

The  variation  of  melting  point  with  pressure,  acting  equally  on  both 
phases,  for  all  the  metals  which  have  so  far  been  investigated,  has  been 
found  to  be  practically  linear  within  the  error  of  experiment.'  It  is  a  neces- 
sary consequence  of  this  linearity  that  with  increasing  pressure  the  relation 
between  L  and  (V — V)  (V  is  the  molal  volume  of  the  liquid  phase) 
must  be  linear,  or,  in  the  limiting  case,  remain  practically  constant.  It 
is,  therefore,  very  plausible  that  we  are  justified  in  assuming  that  the 
variation  of  L  with  V  is  linear.  Integrating  equation  I  on  this  basis, 
between  the  limits  T^  (the  ordinary  melting  point  at  i  atm.  pressure, 

^  This  lowering  is,  of  course,  relative  to  the  melting,  point  when  that  pressure 
which  now  acts  on  the  liquid  alone  (the  solid  being  subject  to  pressure  in  excess  of  this) 
acts  on  both  solid  and  liquid.  In  other  terms:  if  the  melting  point  is  denoted  by  T 
with  subscripts  and  superscripts  to  represent  the  pressure  acting  on  the  solid  phase 
and  liquid  phase  respectively,  then  Tp^^p  is  always  lower  than  7p,  the  magnitude 
of  this  lowering  being  dependent  on  the  excess  of  pressure  AP  acting  on  the  soHd. 
Now  Tp  may  be  higher,  or  lower,  than  T,^  (the  ordinary  melting  point  at  atmospheric 
pressure),  according  as  the  volume  change  on  melting  is  positive  or  negative;  con- 
sequently, in  some  cases  Tp^^  may  be  higher  than  T,*,  but  this  will  be  so  only  when 
AP  is  small  compared  to  P,  a  contingency  which,  we  believe,  does  not  affect  the 
main  considerations  advanced  in  this  paper. 

'  Tammann,  Z.  an4>rg.  Chem.,  40,  54  (1904)  with  K  and  Na;  Johnston  and  Adams, 
Am.  J.  Set.,  31,  501  (191 1);  Z.  anorg.  Chem.,  72,  u  (1911),  with  Sn,  Bi,  Cd,  Pb  at 
pressures  up  to  2000  atm.;  Bridgman,  Proc,  Am,  Acad.t  47,  347  (191 1),  with  Hg  up 
to  still  higher  pressures- 
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expressed  on  the  absolute  scale)  and  a  given  temperature  0,  we  obtain 
the  equation 

Instead  of  tfie  molal  values  we  may  substitute  the  heat  of  fusion  (Q^ 
per  gram  of  substance,  and  the  density  (D^  of  the  solid,  at  the  ordinary 
melting  point^  (T^;  making  the  necessary  transformations,  we  obtain 
finally  the  equation 

9-95.iGAlogy\  (III) 

which  enables  to  calculate  the  melting  presstu-e'  (9,  expressed  in  atmos- 
pheres) corresponding  to  the  temperature  6;  that  is,  f  is  the  pressure 
required  to  cause  the  substance  to  melt  at  the  absolute  temperature  6. 

This  formula  has  been  applied  to  the  calculation  of  the  excess  presstu'e 
(acting  on  the  solid  only)  required  to  cause  the  metal  to  melt  at  27°  (that 
is,  6  =  300®)  in  the  case  of  all  the  metals'  for  which  values  of  Q  are  given 
in  Landolt-BOmstein-Meyerhoffer  Tabellen  (2  Aufl.,  p.  470).  For  some 
metals  more  than  one  value  is  given,  but  it  is  at  present  impracticable 
to  determin  which  are  most  reliable;  for  this  reason,  the  mean  value 
was  adopted  in  all  such  cases.  For  the  same  reason,  the  general  mean 
value  of  the  density,  as  given  in  the  tables  (pp.  224-9),  was  taken.  The 
melting  points  are  those  now  generally  adopted. 

The  data  and  results  are  brought  together  in  Table  I,  in  which  the 
metals  are  arranged  in  the  order  of  increasing  values  of  the  melting  pres- 
sture  calculated  in  this  way  from  equation  III.  It  was  conjecttu-ed  that 
this  order  might  bear  some  relation  to  that  obtained  when  these  metals 
are  arranged  with  reference  to  the  relative  values  of  their  elastic  con- 
stants and  mechanical  properties. 

'  In  the  computations  which  follow,  the  value  of  the  density  at  the  ordinary  tem- 
perature was  used.  This  was  done  because  of  the  uncertainty  in  the  appropriate 
correction;  moreover,  otu*  present  knowledge  of  D  at  the  ordinary  temperature  is  so 
unsatisfactory  that  it  would  be  altogether  futile  to  apply  any  such  correction,  especially 
as  the  accuracy  of  the  present  values  of  Q  is  so  doubtful. 

'  Excepting  iron,  on  account  of  the  uncertainty  of  what  "iron"  is,  and  the  dis- 
parity of  the  recorded  values.  The  value  given  for  nickel  in  Landolt-B6mstein- 
Meyerhoffer  Tabellen  (p.  470)  as  a  heat  of  fusion  (taken  from  Pionchon,  Ann.  chim, 
phys.,  [6]  II,  106  (1887))  was  found,  on  reference  to  the  original,  to  be  a  heat  of  irans- 
formatum  (occurring  somewhere  between  230^  and  400°);  consequently  nickel  could 
not  be  included.  (Similarly,  Pionchon's  values  for  iron  given  in  L.-B.-M,  (p.  470) 
are  heats  of  transformation.)  Mercury  and  gallium  are  omitted,  since  they  are  liquid 
at  ordinary  temperatures.  The  value  of  Q  for  aluminium  is  somewhat  doubtful;  it 
was  calculated  from  the  "total  heat"  (as  given  in  L,-B.-M.)  by  means  of  the  specific 
heat  of  aluminium  (0.30)  as  given  by  Bontschew  (L.-B.-M.,  p.  383).  No  alloys  could 
be  included  owing  to  lack  of  the  necessary  data;  in  any  case  the  formula  is  applicabla 
only  to  those  alloys  which  melt  completely  at  a  definit  temperature. 
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Table  I. — Lowbring  ok  Melting  Point  op  Metals  Effected  by  One  Atm.  Un- 
equal PressurEi  together  with  the  Computed  Melting  Pressures  at 

Ordinary  Temperatures. 


Metal. 

Melting  point. 

Heat  of 
fusion. 

Q 

Density. 
D 

Ari»     . 

9t,' 

K 

62 

335 

15-7 

0.87 

0.59 

64 

Na 

97 

370 

31-7 

0.98 

0.29 

266 

Pb 

327 

600 

5-4 

"37 

0.24 

1760 

Sn 

232 

505 

14. 1 

7.29 

0.12 

2200 

Bi 

270 

543 

12.5 

9.80 

O.ll 

3000 

Cd 

321 

594 

13.7 

8.64 

0.12 

3300 

Al 

658 

931 

42.0 

2.60 

0.21 

5100 

Zn 

419 

692 

28.0 

7.1 

0.084 

6900 

Ag 

960 

1233 

23.0 

10.50 

0.12 

14000 

Cu 

1083 

1356 

43  0 

8.93 

0.086 

24000 

Pd 

1550 

1823 

36.3 

II. 4 

O.ll 

31000 

Pt 

1755 

2028 

27.2 

21.5 

0.084 

46000 

The  most  obvious  mechanical  property  with  which  to  compare  the 
series  of  9  values  is  the  flow  pressiu-e.*  This  was  determined  for  a  series 
of  metals,  by  Tammann,  Verigin  and  Lerkojeff  ;*  later,  and  independently, 
by  Kumakov  and  Zhemchuzhny.^  Arranged  in  the  order  of  decreasing 
ease  of  flow,  the  metals  follow  in  the  order  K,  Na,  Pb,  Tl,  Sn,  Bi,  Cd,  Zn, 
Sb,  a  sequence  which  is  identical  with  that  deduced  thertnddynamically 
and  presented  in  Table  I.  But  not  only  is  the  sequence  o^,9  values 
identical  with  that  of  the  flow  pressure;  it  is  practically  identical  with 
the  sequence  obtained  when  the  metals  are  arranged  in  the  order  ^f  any 
of  their  elastic  properties  for  which  measurements  have  been  iiade. 
This  is  shown  by  Table  II,  in  which  have  been  brought  together  af-the 

*  This  column,  which  represents  the  melting  point  depression  produced  by  i  Jm- 
excess  pressure  acting  on  the  solid,  is  added  merely  to  give  an  idea  of  the  magni^ 

of  this  quantity.    The  values  given  are  calculated  from  the  formula  A  Tj-=  7^^/41  •        1 
QD  which  is  easily  derived  from  equation  I. 

*  It  should  be  observed  that  the  values  of  ^  given  in  the  preliminary  note  ( j  I 
Washing^m  Acad.  Sci.^  i,  260  (191 1))  were  calculated  by  a  formula  which  holds  strictly  J 
only  so  long  as  f>,  or  the  difference  between  T  and  ^,  is  small.  The  more  accurateLI 
mode  of  calculation  from  equation  III  of  the  present  paper  leads  to  somewhat  higher  jl 
numerical  values  of  ^,  but  does  not  alter  the  order  of  the  ^  values;  so  that  this  change  ■ 
does  not  a£Fect  the  argument.  J 

*  The  amount  of  compression  required  to  cause  a  material  to  flow  is  characteristic  ■ 
of  the  material  under  specified  conditions;  but  at  constant  temperature  it  varies,  as  1 
is  obvious,  with  the  size  of  the  aperture  through  which  the  flow  takes  place;  probably  | 
also  it  depends  upon  the  shape  of  the  aperture  and  upon  other  subsidiary  factors. 
Hence,  determinations  of  flow  pressures  are  comparable  only  when  they  have  all  been 
made  in  the  same  apparatus  and  in  the  same  way.  This  condition  is  fulfilled  by  the 
experimental  observations  cited,  which  lead  to  reliable  relative  values  of  the  flow 
presstu'e  for  a  series  of  metals. 

*  Ann.  Pkysikf  lo,  649  (1903). 
'  Z.  anorg.  Chem.,  64,  174  (1909). 
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data  available  on  the  elastic  properties,  namely,  compressibility,  hard- 
ness, tensile  streng^,  elastic  limit,  elastic  modulus  and  modulus  of  rig- 
idity. 

Tablb  II. — ^Relative  Values*  of  the  Elastic  Constants  of  Metals. 

MetaU  TensUe  '  BlasUc  Umit.  Elastic  Rigidity 

in  order  Compres-  Hud-  ttrenarth. " »  (Younc'a)  modulus. 

as  in        sibuity.  neas.           . • »  Lower.     Upper,  modulus.     > ' » 

Table  I.       (a).  (b),  (c).          (rf).  («).        if).           if).  {g).  (*).         (i). 

K         31.5  0.5 


Na  15.4  0.4 

Pb  2.2  1.5          2 

Sn  1.7  1.8          2 

Bi  2.8  2.5 

Cd  1.9  2.0 

Al  1.3  2.9 


0  21        0.3      25  102  17  5  0.80 

1  36        4          34  55  34  16  1.50 

«■                                ••                                ••  ••  aj^  ^  *     * 

48              28  109  71  17  2.31 

283  600  70  29  2.55 


Zn  1.5  2.5  13  10  125    770  78  31 

Ag  0.84  2.7  22  272   12  ..     ..  70  39   2.67 

Cu  0.54  3.0  25  316       12  203       2780  108  42      4.37 

Pd  0.38  4.8  ..27  103  46 

Pt  0.21  4.3  29  ..26  ..  161  52       6.46 

From  this  table  it  is  evident  that,  as  the  value  of  9  increases,  the  com- 
pressibility decreases,  and  the  values  of  the  other  elastic  properties  in- 
crease steadily.  The  exceptions  to  this  statement  are  very  few  as  re- 
gards any  one  property,  and  vary  irregularly  as  we  pass  from  one  property 
to  another;  in  other  words,  there  are  no  systematic  divergences  between 
the  sequence  of  the  metals  as  derived  from  the  thermodynamic  relation- 
ship discussed  in  this  paper,  and  that  obtained  when  they  are  arranged 
progressively  with  reference  to  any  one  of  their  elastic  properties.  The 
slight  divergences  are  no  greater  than  one  might  expect  from  the  tmcertain 
character  of  the  thermal  data,  on  the  one  hand,  and  of  the  elastic  constants 
on  the  other.  Indeed,  excellent  agreement  coidd  have  been  obtained  by 
selecting  for  each  metal  an  appropriate  value  from  the  somewhat  discor- 
dant data  for  the  elastic  constants  in  the  Landolt-B5mstein-Meyerhofifer 
Tabellen;  but  it  was  deemed  more  commendable  to  take  a  general  mean 
of  all  the  values  there  given,  as  it  was  impracticable  to  determin  just 

^  It  is  to  be  noted  that  the  values  given  in  the  table  are  relative  only,  and  are  not 
always  expressed  in  the  same  units  (e.  g.,  columns  c  and  J,  e  and  /,  h  and  i). 

(a)  As  given  by  Richards  and  collaborators,  This  Journal,  31,  156  (1909). 

(6)  According  to  Rydberg,  L.-B,-M,  Tabellen,  p.  57. 

(c)  L.-B.-M.  Tabellen,  p.  53. 

{d)  Wertheim  (1848)  quoted  by  Paust  and  Tammann,  Z.  physik,  Chem,,  75,  118 
(1911). 

(«)  L,-B.-M.  Tabellen,  p.  53. 

(/)  As  determined  by  Faust  and  Tammann,  loc.  cit. 

(g  and  h)  General  mean  of  the  (sometimes  very  discordant)  values  given  in  L.-B.-M, 
\  Tabellen,  pp.  43-45. 
'.         {%)  Morton,  Trans.  Roy.  Soc^L,ondon,  (A)  304  (1905). 
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which  values  represent  most  acctirately  the  true  elastic  constants  of  the 
various  metals. 

The  piu"ely  elastic  properties  of  metals  have  often  been  collated  and 
compared,  and  it  has  been  surmized  repeatedly  that  these  properties 
are  some  fimction  of  the  melting  point  of  the  met^.*  But,  so  far  as  the 
writer  is  aware,  no  one  has  advanced  further  than  a  statement  of  the 
general  parallelism  between  elastic  properties  and  melting  point — sl  state- 
ment to  which  there  are  some  notable  exceptions  (lead,  aluminum  (see 
Table  II) ,  also  a  large  munber  of  alloys) ,  which  seriously  limited  its  scope 
and  usefulness.  When  arranged  with  reference  to  the  ftmction  of  the 
melting  point  deduced  in  this  paper,  the  above  two  metals  cease  to  be 
exceptions.^ 

One  other  piece  of  presumptive  evidence  in  favor  of  this  point  of  view 
may  also  be  mentioned,  namely,  a  comparison  of  the  values  of  9  with 
the  flow  pressiures  of  tin  as  determined  by  E.  Janecke*  at  a  series  of  tem- 
peratures. In  default  of  knowledge  of  the  variation  of  Q  with  tempera- 
tiu'es  and  pressure,  we  may  justifiably  consider  Q  and  D  as  constants.  For 
any  one  metal  therefore,  equation  III  may  be  written,  since  Tj  is  also 
constant, 

9  =  a:,  —  /i:^  log  e  (iv) 

where  K^  and  K^  are  constants,  the  values  of  which  depend  upon  Q,  D,  and 
Tp  The  graph  of  equation  IV,  which  gives  the  variation  of  9  with  8, 
is  very  similar  to  the  curve  plotted  from  Janecke's  results;  with  increasing 
temperature  both  diminish  at  about  the  same  decreasmg  rate. 

From  the  above,  then,  it  appears  to  be  true  that  the  mechanical  proper- 
ties of  metals  are  correlated  with  the  amount  of  pressiu^e — assumed  to 
act  on  the  solid  alone — ^requisit  to  cause  the  metal  to  melt  at  or  near  the 
ordinary  temperatiwe.  This  pressiu^e  in  turn  depends  upon  the  melting 
point,  the  density,  and  the  heat  of  melting  of  the  metal.  The  first  two 
of  these  quantities  are  known  to  be  periodic  fimctions  of  the  atomic 
weight,  and  there  is  every  reason  to  believe  that  the  heat  of  melting,  and 
therefore  also  9,  is.  Therefore,  reasoning  from  the  observed  parallelism, 
we  should  expect  some,  or  all,  of  the  elastic  properties  to  be  periodic 
fimctions.  So  far,  thorough  measurements  have  been  made  only  on  the 
compressibility,  which,  according  to  Richards,  shows  marked  periodicity. 

The  remarkable  concordance  shown  in  the  above  table,  which  can 

^  No  references  are  given  to  this,  because  the  author  found  it  impracticable  to 
examine  all  of  the  voluminous  literature  in  order  to  determin  with  whom  each  par- 
ticular suggestion  originated.  Some  of  the  points  are  discussed  by  Kumakov  and 
Zhemchuzhny  (Z.  anorg.  Chem,,  60,  i  (1908);  64,  149  (1909)). 

'  The  formula  III  could  not  be  applied  to  alloys  owing  to  lack  of  the  necessary 
data.  In  any  case  the  formula  is  applicable  presmnably  only  to  such  alloys  as 
melt  completely  at  a  constant  and  definit  temperature. 

*  MetaUurgie,  8,  68-72  (191 1). 
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hardly  be  due  to  coincidence^  suggests  that  the  "flow"  of  metals — or 
indeed,  every  permanent  distortion  of  a  crystaUin  solid — is  due  to  an 
actual  fusion  (with  subsequent  resolidification)  of  the  crystals.  The 
validity  of  this  view  is  su|)ported  by  a  large  number  of  well  known  facts, 
e.  g.,  that  a  metal  requires  progressively  less  effort  to  cause  it  to  weld — or 
to  forge  it — the  ^higher  its  temperatiu-e.  Moreover  it  is  corroborated 
by  a  large  nimiber  of  observations,  which  demonstrate  the  existence  of 
important  differences  between  metal  which  has  "flowed"  or  has  been 
subjected  to  deformation  of  any  kind  and  the  same  metal  in  the  annealed 
condition. 

All  the  available  evidence^  goes  to  show  that  there  is:  (a)  a  diflference 
in  the  energy  content  of  the  strained  and  tmstrained  metal,  which  is 
manifested  in  a  difference  between  the  two  forms,  (i)  in  their  electro- 
l3rtic  potential  when  immersed  in  a  solution,  (2)  in  their  thermoelectric 
power,  (3)  in  their  heat  of  solution;  (6)  a  difference  in  structiu-e  mani- 
fested in  differences  in  (i)  microscopic  appearance,  (2)  mechanical  proper- 
ties— ^hardness,  tensile  strength,  etc.,  (3)  density,'  (4)  conductivity  for 
heat  or  electricity,  etc.  For  any  one  metal  these  differences  vanish  about 
a  single  temperature  common  to  all, — ^thus  for  silver  at  about  260° — ^that 
is,  at  the  temperature  at  which  annealing  proceeds  with  appreciable 
rapidity. 

According  to  Beilby,'  the  process  of  deformation  is  always  accompanied 
by  a  partial  transformation  of  the  metal  to  an  "amorphous"*  form,  which 
acts  as  a  cementing  material  for  the  untransformed  grains.  According 
to  Faust  and  Tammann,'  on  the  other  hand,  the  change  of  properties 
on  deformation  is  parallel  to  the  production  of  smaller  crystallites. 
Whichever  be  the  correct  interpretation — ^if  indeed  these  views  are  mutu- 
ally exclusive* — the  fact  remains  that  deformation  of  a  metal  is  accom- 
panied by  changes  in  its  properties.  These  changes  are  such  that  they 
would  be  rather  difficult  to  account  for  reasonably,  except  on  the  very 
simple  supposition  that  an  actual  melting  has  occurred. 

Against  this  view  it  might  be  urged  that  the  pressures  required  to 
cause  the  metals  to  melt  about  the  ordinary  temperattu-e  are  so  great 
that  they  are  unlikely  to  occur  in  practice.     But  this  objection  loses 

'  Cf.  G.  T.  Beilby,  PkU.  Mag,^  [6]  8,  258-76  (1904),  who  disctisses  the  evidence 
in  detail. 

'Kahlbamn,  Roth  and  Siedler,  Z.  anorg.  Chem.,  29,  197  (1902);  Kahlbaum  and 
Sturm,  Ibid.,  46,  217  (1905);  Spring,  /.  chim,  phys.,  i,  593  (1903);  Rec.  trav,  dhim., 
23,  I  (1904).    This  subject  is  fully  discussed  by  Johnston  and  Adams,  Tms  Journal, 

34»  563  (1912)- 

*  Loc.  cU, 

*  ^eilby  here  uses  the  term  "amorphous"  to  denote  "a  heterogeneous  assemblage 
of  molecules." 

*  Z.  physik,  Chem.,  75,  108-26  (191 1). 

*  Cf.  postea,  p.  800. 
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weight  when  it  is  remembered  that  the  bnmt  of  any  strain,  to  which  a 
crystallin  mass  is  subjected,  is  borne  by  a  small  nimiber  of  crystals  at 
any  one  time.  When  these  crystals  give  way,  others  take  up  the  strain, 
and  so  on.  In  this  way,  relatively  very  small  total  forces  cotdd  produce 
very  considerable  pressures  locally,  pressures  sufficient  to  cause  melting 
at  those  points.  This  process  would  be  like  the  method  of  tearing  a 
pack  of  cards,  which  consists  in  holding  them  in  such  a  way  that  the  force 
comes  on  only  one  card  at  a  time. 

This  point  of  view  accounts  plausibly  for  other  aspects  of  the  behavior 
of  metals — ^for  instance,  the  "hardening"  of  metals  and  the  increase  of 
strength  following  upon  deformation;  but  before  proceeding  to  discuss 
this,  it  seems  advisable  to  outline  a  mechanical  picture  of  the  probable 
mode  of  action  of  unequal  pressure  upon  a  metal. 

Po)mting*  and  also  Le  Chatelier^  have  used  this  conception  of  /unequal 
pressiu"e  to  account  for  regelation — the  consolidation  of  a  mass  of  loose 
snow  at  o®  into  a  block  of  solid  ice.  The  pressure,  due  to  the  superin- 
cumbent material,  lowers  the  melting  point  at  the  surface  of  contact  of 
adjacent  grains  by  an  amount  A/.  The  water  formed  flows  out  into  the 
interstices  of  the  snow  grains,  where  it  is  at  a  pressure  of  i  atm.  but  at 
a  temperature  of  — Af,  and  is  in  contact  with  ice  at  o®;  consequently 
it  freezes  again.  This  process  continues  tmtil  all  the  interstices  are  filled 
up;  that  is,  until  a  solid  block  of  ice  is  formed. 

Considerations  analogous  in  every  respect  are  applicable  to  systems 
of  solid  grains  in  contact  with  water  or  an  aqueous  solution.  In  such 
cases  pressure  acting  only  on  the  solid  increases  its  solubility,  and  renders 
the  solutions  supersatiu-ated  as  soon  as  they  are  out  of  contact  with  the 
compressed  solid.  Le  Chatelier  accoimts  in  this  way  for  the  consoli- 
dation of  nattu'al  beds  of  rock-salt,  gypsum,  calcium  carbonate,  etc.; 
and  he  showed  by  direct  experiment  that  consolidation  could  be  pro- 
duced in  this  way. 

The  behavior  of  metals  imder  the  action  of  a  diflferential  compression 
we  conceive  to  be  identical  with  that  pictured  above  for  ice.  Namely, 
that  metal  melts  wherever  the  pressiu^e  reaches  the  appropriate  value, 
flows  into  the  interstices  where  the  pressure  is  smaller  and  solidifies 
again,  with  the  formation  in  general  of  very  smaU  crystals,  by  reason  of 
the  exceedingly  rapid  rate  of  recrystallization. 

Thje  effects  of  unequal  pressure  are  analogous  to  those  produced  by  a 
shearing  stress;  or  perhaps  one  should  say  rather  that  the  effects  of  a 
shearing  stress  are  those  produced  by  what  we  have  termed  tuiequal 
pressure.  Now  a  longitudinal  tensile  stress  can  always  be  resolved  into 
a  uniform  dilatation  and  a  shearing  stress,  just  as  a  longitudinal  compres- 

»  Phil  Mag.,  [5]  xa,  32  (1881). 
■  Z.  pkysik,  Chem,,  9,  338  (1892). 
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sive  stress  can  be  regarded  as  composed  of  a  uniform  compression  and  a 
shearing  stress.  Hence  the  conception  of  tmequal  pressure,  and  its  effect 
on  the  melting  point  of  a  crystallin  substance,  is  equally  applicable  to 
all  permanent  deformations,  whether  produced  by  compression  or  by 
tension. 

When  pictured  in  the  way  outlined  in  the  above  paragraphs,  it  is  ob- 
vious that  one  might  expect  a  parallelism  between  the  9  values  and  cer- 
tain of  the  mechanical  properties:  in  all  cases,  namely,  in  which  the  prop- 
erty in  question — ^for  instance,  tensile  strength  or  flow  pressure — ^implies 
in  any  way  a  permanent  deformation  of  the  material,  the  latter  being 
presumed  always  to  be  a  manifestation  or  a  real  melting  produced  where- 
ever  the  stress  reaches  the  appropriate  value.  In  regard  to  the  purely 
elastic  properties — those,  e.  g.,  compressibility,  which  imply  no  permanent 
change  in  the  material — the  parallelism  can  hardly  be  ascribed  to  a 
melting;  but  it  may  very  well  be  an  expression  of  the  fact  that  the  elastic 
properties  and  the  9  values  as  calculated  in  this  paper  are  all  fimctions 
of  some  one  determining  factor.*  But  even  if  this  is  so,  it  in  no  wise 
detracts  from  the  plausibility  of  the  view  that  deformation  is  conditioned 
by  an  actual  melting;  for  there  is  no  apparent  necessary  connection  be- 
tween the  modes  of  action  of  stresses  which  produce  deformation  and  of 
those  which  do  not. 

The  possibility  of  accounting  in  this  way  for  the  flow  of  solids  was 
considered  by  Tammann,*  but  summarily  rejected  by  him  on  what  appear 
to  the  writer  to  be  insufiicient  groimds.  In  the  first  place  he  doubts  the 
thermodynamic  admissibility  of  the  derivation  of  the  formula  for  the 
lowering  of  equilibrium  temperature  by  unequal  pressure.  In  the  second 
place,  in  his  experimental  work  he  was  unable  to  detect  any  discontinuity 
in  the  rate  of  flow  at  the  pressure  indicated  by  the  formula  as  the  melting 
pressure  at  that  particular  temperature.  To  reason  from  this  lack  of 
discontinuity  that  the  effect  of  unequal  pressure  upon  the  melting  point 
is  illusory  might  be  justifiable  if  Tammann  had  been  dealing  with  a  single 
crystal;  but  dealing  as  he  was  with  a  conglomerate  of  crystals,  flow  began 
whenever  the  pressure  on  any  one  of  them  exceeded  the  melting  pressure 
under  the  particular  conditions.  Indeed  the  behavior  of  ice  in  this  re- 
spect is  precisely  similar  to  that  of  the  metals— a  fact  specifically  noted 
by  Tammann  himself — the  only  difference  being  that  the  absolute  values 
of  the  pressure  are  lower  than  for  the  common  metals. 

Tammann  concludes:'  "From  the  work  on  the  velocity  of  flow  of  crystal- 
lin substances  it  follows  that  the  flow  is  not  conditioned  by  a  previous 

'  This  question  is  treated  later,  p.  801. 

*  Ann.  Physik,  [4]  7,  198  (1902);   KrystaUisieren  und  Schmelzen  (Leipzig,  1903), 

PP-  173^1. 
'  Loc,  cit. 
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melting,  but  that  the  plasticity,  the  reciprocal  of  the  riscosity,  is  a  property 
characteristic  of  the  substance,'*  In  order  to  account  for  the  fact  that  the 
velocity  of  flow,  and  hence  the  "plasticity,"  of  ice  increases  very  consider- 
ably with  the  pressure,  it  must  be  assumed  that  its  viscosity  diminishes 
greatly  with  pressure.  This  assumption  may  hold,  for  water  at  low 
temperattu-es  and  low  pressures  is  an  exception  to  the  general  rule  that 
the  viscosity  of  liquids  is  increased  by  pressure;*  to  the  writer  neverthe- 
less it  seems  less  forced  to  account  for  the  flow  by  the  aid  of  the  argument 
advanced  in  this  paper:  namely,  that  flow  is  the  result  of  a  partial 
melting.  On  this  basis  we  can  readily  see  why  increased  pressure,  which 
causes  more  ice  to  melt  and  hence  increases  the  amount  of  water  present, 
should  increase  the  plasticity.  Moreover,  so  far  as  the  writer  has  been 
able  to  ascertain,  this  explanation  conflicts  with  none  of  the  recorded 
observations  on  the  flow  either  of  ice  or  of  any  other  substance.  Indeed 
it  receives  direct  confirmation  from  some  recently  published  work  of  Hess 
on  the  plasticity  of  ice;'  he  foimd,  as  Tammann  previously  had  also  ob- 
served, that  at  a  given  temperature  a  considerable  movement  of  the 
plimger  takes  place  under  a  pressure  much  lower  than  that  deduced 
thermodynamically  (on  the  assumption  that  the  pressure  acts  eqtuilly  on 
both  the  ice  and  the  water  produced  by  the  melting),  and  presents  indis- 
putable evidence  that  the  ice  in  these  circumstances  had  actually  melted. 

The  mode  of  action  outlined  in  this  paper,  besides  accotmting  plausibly 
for  the  magnitude  of  some  of  the  mechanical  properties  of  metals,  can 
also  be  adduced  to  explain  observations  on  the  structure  of  metal  which 
has  "flowed,"  or  has  been  subjected  to  deformation  of  any  kind.  The 
process  of  "flow,"  or  of  deformation,  of  a  metal  is  always  accompanied, 
as  we  have  seen,  by  a  number  of  changes,  among  others  by  a  "hardening" 
of  the  metal;  this  term  is  used  to  denote  an  increased  resistance  to  stress, 
and  is  in  one  sense  imfortunately  chosen,  for  Faust  and  Tammann*  have 
shown  that  in  some  cases  the  "hardness,"  as  measured  by  the  sderometer, 
is  not  affected  by  the  process  of  "hardening."  Faust  and  Tammann, 
by  microscopic  observation  of  the  specimens,  were  able  to  determin 
with  a  precision  of  about  i%  the  pressure  or  tension  required  to  produce 
the  first  permanent  deformation  of  a  number  of  metals;  and  foimd  that 
this  lower  elastic  limit  is  the  same  for  pressure  as  for  tension.  Further 
slow  increase  of  pressiu'e  above  the  lower  elastic  limit  causes  this  limit 
to  recede  to  higher  pressures;  imtil  finally  an  upper  elastic  limit,  the 
flow  pressure,  is  reached.  This  again  shows  that  increase  of  pressure 
produces  an  increased  rigidity  of  the  metal;  which  is  in  accordance  with 
the  idea,  first  enunciated  by  Beilby,  that  the  change  in  properties  of 

*  R.  Cohen,  Ann,  Physik,  45,  666  (1892);  Hauser,  Ibid.^  5,  597  (1901). 

• /6irf.,  36,  449-93  (19")- 

"  Z.  physik,  Ch€m,,  75,  118  (191 1). 
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metals  on  hammering,  rollmg,  etc.,  is  a  direct  consequence  of  the  de- 
fonnation  which  occurs  during  the  process. 

Now  these  facts  accord  well  with  the  argument  of  the  present  paper; 
{or,  exactly  as  in  the  case  of  the  consolidation  of  loose  snow  to  a  block 
of  ice,  as  soon  as  the  stress  reaches  an  appropriate  value  (the  lower  elastic 
limit),  melting  and  flow  into  the  interstitial  spaces  take  place,  with  im- 
mediately subsequent  recrystallization;  this  process  contmues  tmtil  this 
flow  is  no  longer  possible  (the  upper  elastic  limit),  whereupon  increased 
stress  produces  rupture  of  the  material.  Now,  the  actual  process  of 
flow  diminished  the  .volume  of  the  spaces  into  which  flow  is  possible,  aad 
to  this  extent  diminishes  the  inequality  of  pressure  acting  on  liquid  and 
solid;  hence  it  requires  progressively  higher  pressures  absolutely  (though 
at  the  same  temperature  the  same  excess  of  presstu-e  on  the  solid)  to 
produce  flow;  in  other  words,  the  rigidity  of  the  material  is  increased. 

A  phenomenon  analogous  in  every  respect  to  that  observed  by  Faust 
and  Tammann  has  been  recorded  by  Bridgman^  in  some  very  recent 
work  on  the  collapse  of  thick  walled  cylinders  under  high  hydrostatic 
pressiu-e.  Bridgman  found,  namely,  that  with  every  successive  appli- 
cation of  presstue,  yield  is  not  resumed  tmtil  the  previous  pressiure  maxi- 
mum has  been  reached  or  exceeded;  this  behavior  is  just  what  we  should 
expect  if  flow  is  conditioned  by  a  true  melting. 

It  is  important  to  observe,  in  passing,  that  uniform  (hydrostatic) 
pressure  is  without  permanent  eflfect  on  the  properties  of  metals.  Thus 
Faust  and  Tammann  foimd  that  the  elastic  limit  of  metal  which  had  been 
subjected  to  high  hydrostatic  pressure  remains  tmchanged;  while,  as 
regards  the  physical  properties  (density,  etc.)  it  is  generally  recognized 
that  the  only  effect  of  hydrostatic  pressiu-e  is  a  temporary  change  in  these 
properties,  which  vanishes  again  whenever  the  pressure  is  removed.  In 
all  discussions  of  the  effect  of  pressture,  therefore,  it  is  essential  that  we 
distinguish  carefully  between  imiform  and  non-uniform  compression, 
since  their  effects  are  so  dissimilar. 

It  is  a  well  known  fact  that  the  resistance  to  flow  of  eutectics  (which 
are  always  fine  grained)  is  always  greater  than  that  of  their  components;' 

*  Physic,  Rev.,  34,  i  (1912). 

'  This  was  demonstrated  conclusively  by  Kumakov  and  Zhemzhuzhny  (Z,  anorg. 
Chem,,  60,  I  (1908);  64,  149  (1909)),  who  present  results — ^in  part  from  the  literature, 
in  part  original — for  a  large  number  of  alloys  (and  also  for  some  pairs  of  organic  sub- 
stances) which  demonstrate  this  fact.  It  has  been  further  confirmed  by  Tammann, 
who  recently  (Nachr.  Ges.  Wiss.  GdUingen,  1911,  181)  described  experiments  with  a 
few  alloys,  carried  out  in  quite  a  different  way,  from  which  he  draws  the  conclusions 
that  this  increased  strength  is  a  direct  consequence  of  the  fact  that  the  alloys  are  finer 
grained  than  their  components  (but  offers  no  explanation  as  to  why  a  fine  grained 
conglomerate  should  be  stronger  than  one  composed  of  coarser  particles) ;  further  that 
the  increased  strength  of  metals  which  have  been  chilled  is  a  direct  consequence  of  the 
decreased  size  of  the  grains  produced  by  rapid  cooling  of  the  melt. 
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further,  that  the  varieties  of  steel  possessing  the  greatest  tensile  strength 
(e.  g.,  vanadium  steels)  are  very  fine  grained.  From  the  standpoint 
adopted  in  this  paper  one  might  reason  that  such  metals  are  strong  because 
they  are  fine  grained;  hence,  if  we  wish  to  make  a  steel  of  high  tensile 
strength,  we  should  endeavor  to  obtain  a  very  fine  grained  structture, 
producing  this  by  whatever  means  (addition  of  foreign  material,  heat 
treatment  or  mechanical  treatment)  may  be  found  suitable  for  this  ptur- 
pose. 

It  was  noted  above  that  the  deformation  of  metals  is  accompanied  by' 
the  appearance  of  an  "amorphous*'  phase,  according  to  Beilby;  by  the 
production  of  smaller  'aystallites,  according  to  Faust  and  Tammann. 
Neither  author  speaks  definitly  of  the  mode  in  which  the  change  takes 
place,  nor  do  they,  as  far  as  one  can  judge,  consider  it  as  a  manifestation 
of  real  melting,  with  immediately  subsequent  resolidification.  When 
lodced  at  in  this  way  the  divergence  between  their  points  of  view  disap- 
pears. For,  as  is  well  known,  the  size  attained  by  a  crystal  depends,  ceteris 
paribus,  on  its  rate  of  formation;  so  that  Beilby,  with  presumably  a  rela- 
tively rapid  rate  of  recrystallization,  obtained  in  his  flowed  metal  crys- 
tals so  small  that  the  metal  was  apparently  ''amorphous";  Faust  and 
Tammann,  on  the  other  hand,  using  a  totally  different  method  in  which 
the  rate  of  recrystallization  was  presumably  not  so  great,  obtained  rela- 
tively larger  crystal  particles. 

A  point  worth  mentioning  in  this  connection  is  this,  that  the  appear- 
ance of  the  cut  and  polished  surface  of  a  metal  is  not  necessarily  an 
altogether  fair  criterion  of  the  structure  of  the  massive  metal.  For,  as 
Beilby  has  demonstrated  conclusively,  the  process  of  polishing  (and 
obviously,  of  cutting  also)  is  the  result  of  flow;  while  in  accordance  with 
the  viewpoint  presented  in  this  paper,  flow  is  the  result  of  a  partial  melt- 
ing. Therefore,  it  is  a  safe  assertion  that  between  the  apparent  structure 
of  the  polished  surface  and  the  actual  structure  of  the  massive  metal, 
there  must  always  be  some  differences,  which  may  be  so  large  that  ex- 
amination of  the  surface  only  would  lead  to  totally  misleading  conclusions 
with  regard  to  the  structure  of  the  massive  metal. 

Kumakov  and  Zhemzhuzhny^  made  parallel  measurements  of  the 
electrical  conductivity  and  flow  pressiu'e  of  series  of  binary  alloys,  and 
fotmd  that  for  given  binary  systems  minimum  conductivity  and  maximum 
flow  pressiu'e  occur  at  the  same  composition.  This  exemplifies  the 
general  rule  that  the  conductivity  of  an  alloy  is  less  than  that  of  its  com- 
ponent metals.  Moreover  the  conductivity  of  a  metal  generally  de- 
creases when  the  metal  undergoes  deformation  {e.  g.,  drawing  to  wire, 
hammering,  or  rolling).  Now  if  we  interpret  these  facts  with  the  aid  of 
the  idea  that  the  specific  conductivity  of  a  given  material  diminishes 

^  Loc.  cU. 
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progressively,  other  things  being  eqtial,  with  the  size  of  the  component 
particles — an  idea  which  is  substantially  correct  for  powdered  metals — 
we  find  them  to  be  in  complete  harmony  with  the  conclusion  reached  on 
other  grotmds:  namely,  that  the  size  of  grain  of  alloys  or  of  metal  which 
has  been  deformed  is  less  than  that  of  the  pvie  annealed  metals. 

Summary  and  Condusian. 

In  the  foregoing  pages  we  have  discussed  the  idea  that  the  "flow,"  or 
permanent  distortion,  of  metals  is  conditioned  by  a  real  melting,  not  of 
the  whole  mass  of  metal  at  any  one  instant,  but  of  successive  groups 
of  particles  (namely,  those  on  which  the  brunt  of  the  strain  momentarily 
falls) ;  and  have  shown  how  this  idea  serves  to  correlate  some  properties 
of  metals  which  at  first  sight  would  appear  to  bear  no  relation  to  each 
other.  It  leads,  namely,  to  the  fact  that  there  is  a  parallelism  between 
all  the  elastic  properties  of  metals  for  which  quantitative  measurements 
have  been  made  and  the  pressure — ^assumed  to  act  on  the  solid  phase, 
but  not,  or  not  to  the  same  extent,  on  the  liquid  phase — ^which  is  required 
to  lower  the  melting  point  to  ordinary  temperature.  This  pressure  is 
a  function  of  the  melting  point,  latent  heat  of  melting,  and  density  at  the 
melting  point,  of  the  metal;  hence,  if  thes6  quantities  are  known  for  any 
substance,  we  can  predict  the  relative  order  of  magnitude  of  any  of  its 
properties  which  imply  deformation  of  the  material. 

The  same  mode  of  reasoning  is  equally  valid  for  any  crystallin  substance, 
and  could  be  applied  to  all  salts  (including  silicates  and  other  geologically 
important  substances)  if  the  necessary  data  were  available.  At  the 
present  time,  values  of  the  latent  heat  of  melting  are  few  and  far  between, 
so  that  no  general  discussion  of  this  part  of  the  subject  is  practicable  now. 

The  equation  discussed  in  this  paper  cannot  be  applied  to  glasses;  for 
since  they  are  merely  supercooled  liquids,  the  value  of  Q  is  zero  and 
hence  dT/dP  is  infinit.  But  this  is  not  so  contradictory  as  at  first  sight 
it  may  seem;  for  glasses  behave  as  liquids  of  exceedingly  high  viscosity, 
provided  always  that,  conformably  with  this  high  degree  of  viscosity, 
sufficient  time  be  allowed  for  the  motion  to  take  place. 

In  conclusion,  let  us  give  a  brief  indication  of  a  connection  between 
the  relations  discussed  in  this  paper  and  the  conception  of  "molecular 
vibration  frequency,"  a  conception  which  has  been  very  fruitful  in  the 
hands  of  Nemst,^  Lindemann,*  Griineisen,'  and  others.  It  has  been 
established,  namely,  that  a  large  number  of  apparentiy  diverse  physical 
properties  of  a  substance — ^melting  point,  specific  heats,  coefficients  of 
thermal  expansion   and   compressibility,   electrical  resistance — ^may  be 

^  This  work  has  been  published  in  a  series  of  recent  papers  which  have  appeared 
in  SUz.  Akad,  Wiss.  Berlin^  Ann.  Phystk,  Z.  Elektrochem.f  and  Physik.  Z, 
*  Ber.  physik.  Ges.,  191 1»  426,  591. 
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considered  to  be  functions  of  a  characteristic  quantity,  the  molecular 
"vibration  frequency."^ 

Expressions  containing  this  quantity  have  been  derived  by  means  of 
which  the  actually  observed  variation  with  temperature  of  certain  of 
the  above  properties  can  be  reproduced  with  remarkable  accuracy.  Now 
the  flow  pressure  9  at  the  temperature  i  is  determined  by  a  complicated 
expression,  the  value  of  which  depends  upon  /,  T^  (the  ordinary  melting 
point),  L  (the  heat  of  melting  at  Tj),  V  (the  specific  volume  at  TJ  and 
upon  the  variation  of  L  and  V  with  pressxire  and  temperature;  that 
is,  for  any  particular  substance,  9  depends  upon  the  above  constant 
quantities  and  upon  the  specific  heats  and  coefficients  of  thermal  expan- 
sion and  of  compressibility;  each  of  these  quantities  is  some  function  of 
the  "vibration  frequency,"  consequently  the  flow  pressture  9  is  also  a 
function  of  this  same  characteristic  parameter. 

In  view  of  the  state  of  oiu-  knowledge  (at  the  best,  very  approximate 
only  at  the  present  time)  of  the  experimental  data  and  of  certain  of  the 
relations  involved,  it  seems  prematiu-e  to  endeavor  to  deduce  a  defixdt 
mathematical  relation  between  9  and  the  frequency,  or  even  to  deter- 
min  the  exact  form  of  the  function.  The  existence  of  such  a  relationship 
accounts  simply  for  the  parallelism  between  the  calculated  <p  values  (of 
Table  I)  and  the  mechanical  properties  of  metals  brought  together  in 
Table  II;  for  all  of  these  quantities  are  functions  of  the  vibration  fre- 
quency, a  fact  which  indicates  that  all  the  mechanical  properties  of 
metals  will  be  found  to  be  periodic  functions  of  their  atomic  weights, 
since  the  vibration  frequency  itself  is  doubtless  such  a  periodic  function. 

Gbophysicalt  Laboratory. 

Carnbgib  Ikstitution  of  Washinoton, 

Washington,  D.  C. 
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When  hydrogen  sulfide  gas  is  passed  into  a  slightly  acid  solution  of 
tellurous  acid  or  the  solution  of  a  tellurous  salt,  a  dark  colored  precipitate 
is  formed  and  continues  to  separate  as  long  as  any  tellurium  remains  in 
the  solution.  At  the  moment  of  formation  this  precipitate  is  dark  red- 
dish brown  in  color,  but  after  a  short  time  it  becomes  still  darker,  until 
it  is  quite  black.  When  dried  and  heated  the  substance  softens,  and  on 
cooling  forms  a  gray,  somewhat  lustrous  mass.  On  being  heated  still 
higher  it  gives  off  sulfur. 

'  For  a  discussion  of  the  exact  significance  of  this  quantity,  the  reader  may  be 
referred,  in  addition  to  the  papers  cited  above,  to  recent  papers  by  Einstein  in  Ann^ 
Physik. 
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These  facts  were  known  to  Berzelius^  as  early  as  1826,  and  as  he  found 
by  analysis  that  the  precipitate  formed  in  the  manner  described  con- 
tained sulfur  and  tellurium  in  the  ratio  required  for  the  compound  TeS,, 
he  announced  the  discovery  of  that  compotmd,  and  described  its  physical 
properties  and  the  method  of  its  formation,  and  considered  the  reaction 
between  hydrogen  sulfide  and  tellurous  acid  to  have  the  form  expressed 
by  the  equation 

2HjS  -f  HjTeO,  «  TeSj  +  3H3O. 

For  fifty  years  after  the  publication  of  Berzelius'  work  no  further  at- 
tention seems  to  have  been  given  to  the  reaction  between  tellurium  and 
sulfur,  and  it  was  not  until  1876  that  the  results  of  any  further  studies 
were  published.  In  that  year  Becker*  announced  some  experiments 
which  showed  that  the  precipitate  supposed  by  Berzelius  to  be  TeS, 
was  in  reality  only  a  mixttwe  of  tellurium  and  sulftu-  in  those  proportions, 
carbon  disulfide  dissolving  out  the  sulfiu*  from  the  material,  and  thus 
proving  that  no  chemical  union  existed.  Becker  also  analyzed  the  pre- 
cipitate formed,  and  confirmed  Berzelius'  results  in  regard  to  its  constit- 
uents being  present  in  the  ratio  required  for  the  formula  TeSj,  but  instead 
of  the  reaction  taking  place  as  supposed  by  Berzelius,  Becker  assumed 
that  the  reduction  of  the  tellurous  acid  took  place  in  the  manner  expressed 
in  the  reaction 

2H3S  -f  HjTeO,  =  Te  -h  S,  +  3H,0, 

which  will  be  seen  to  equally  well  explain  the  ratio  of  sulfur  to  tellimum 
found  to  exist  in  the  precipitate. 

Becker  stated  his  conclusions  as  follows:  "In  any  case  we  can  draw 
the  conclusion  from  these  observations  that  the  precipitate  with  hydro- 
gen sulfide  cannot  be  a  compound,  but  must  be  a  mixtm^e  of  tellurium 
and  sulfur  in  constant  relations."  He  also  states,  however,  that  he  thinks 
it  likely  that  at  the  moment  of  decomposition  of  the  tellurous  acid  by 
hydrogen  sulfide  a  sulfurolis  compound  of  the  telltuium  forms,  only  to 
decompose  quickly. 

Since  the  publication  of  Becker's  results,  several  workers  have  contrib- 
uted to  the  subject,  notably  Brauner*  and  Gutbier.*  No  proof  has  been 
given,  however,  to  show  that  a  compoimd  of  tellurium  with  sulfur  can 
exist,  and  the  results  of  these  later  studies  confirm  Becker's  conclusion 
in  regard  to  the  dissolving  out  of  the  sulfiu*,  and  of  the  mass  being  but  a 
mixture  of  free  sulfiu^  and  tellurium  in  constant  proportions. 

The  first  experiments  of  the  writer,  in  the  attempt  to  find  whether  or 
not  a  true  compound  of  sulfur  with  tellurium  could  exist,  were  made  by 

*  Ann.  ckim.  phys.,  8,  411. 

■  Ann.,  180,  257. 

■  /.  Chem.  Soc,  67,  545. 

*  "Studien  fiber  das  Telliir."  p.  $1, 
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varjring  very  widely  the  conditions  under  which  the  precipitation  of  the 
tellurous  solution  'took  place,  in  the  hope  of  thus  findixig  some  set  of  con- 
ditions which  would  be  favorable  to  the  permanency  of  the  TeS„  if  such 
compound  was  truly  at  first  formed.  These  experiments,  wholly  with- 
out result  as  far  as  finding  such  conditions  was  concerned,  will  be  briefly 
described,  as  they  throw  light  on  the  more  successful  quantitative  ex- 
periments which  were  later  taken  up. 

The  conditions  which  were  varied  in  the  course  of  these  first  experi- 
ments were  (a)  light,  (6)  heat,  (c)  pressure,  (d)  presence  of  acids  in  the 
solution  precipitated,  (e)  presence  of  salts  in  the  solution  precipitated, 
(/)  presence  of  water.  The  manner  of  carrying  out  some  of  these  experi- 
ments, and  the  results  achieved,  were  as  follows: 

The  darkening  of  the  precipitate  formed  by  hydrogen  sulfide  a 
few  moments  after  its  formation  suggested  a  possible  analogy  to  the 
darkening  of  silver  chloride,  and  it  accordingly  seemed  desirable  to  see 
if' in  the  case  of  the  telltuitun  compound  light  had  anything  to  do  with 
the  change.  Three  experiments  were  tried,  in  each  case  the  solutions 
being  prepared,  the  precipitation  being  effected,  and  the  drying  of  the 
solid  taking  place,  in  the  complete  absence  of  light.  The  dry  precipi- 
tates were  found  to  be  black,  and  the  stdfur  was  found  to  be  readily  ex- 
tracted by  carbon  disulfide,  showing  that  even  in  the  absence  of  light 
no  permanent  compound  of  tellurium  with  sulfur  was  formed. 

A  considerable  number  of  experiments  differing  widely  in  their  details 
were  tried  in  the  attempt  to  prepare  a  stable  combination  of  sulftu: 
with  tellurium  by  keeping  the  temperature  as  low  as  possible.  In  one 
experiment,  the  hydrogen  sulfide  gas,  after  being  cooled  to  — io°  by  be- 
ing passed  through  tubes  immersed  in  a  freezing  mixtiu-e  of  ice  and  salt, 
was  caused  to  bubble  through  a  solution  of  tellurous  acid  maintained  at 
o°  by  being  surrounded  by  a  bath  of  water  containing  ice.  When  the 
precipitation  was  complete  the  liquid  was  filtered  (the  filter  and  ftmnel 
having  been  previously  chilled  by  passing  iced  water  through  them) 
and  the  precipitate  was  at  once  transferred  to  a  desiccator  which  had 
stood  for  several  hours  previously  in  a  box  packed  with  ice.  The  desic- 
cator and  its  contents  were  then  maintained  at  o°  for  eighteen  hours, 
tmtil  the  precipitate  seemed  to  be  dry.  It  was  found  to  consist  of  sulfur 
and  telluritun,  tmcpmbmed.  In  another  experiment,  telltu'ous  acid  was 
added  to  alcohol  and  cooled  to  — lo®,  and  hydrogen  sulfide  at  — 20® 
was  passed  into  the  alcohol  mixture.  A  precipitate  resulted  as  in  the 
previous  cases  but,  after  careful  drying,  it  too  was  found  to  consist  of 
sulfur  and  tellurium,  in  the  state  of  simple  mixture.  In  yet  another 
experiment,  advantage  was  taken  of  the  direct  vaporization  of  ice  to 
free  the  solid  of  its  admixed  water,  the  filtered  precipitate  from  a  solu- 
tion of  tellurous  acid  being  at  once  frozen,  and  exposed  for  several  hotu^ 
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to  a  current  of  air  brought  to  the  temperature  of  — 10°  by  passing  through 
an  ice-salt  freezing  mixture. 

In  none  of  these  cases  was  it  possible  to  obtain  a  substance  which  would 
not  allow  sulfur  to  be  readily  removed  from  it  by  carbon  disulfide.  One 
fact,  however,  was  noted  which  proved  to  be  of  great  assistance  in  later 
work,  and  this  was,  that  the  dianging  color  of  the  precipitate  from  brown 
to  black  took  place  much  more  readily  at  high  temperatures  than  at  low. 
When  the  solutions  were  kept  at  o®,  several  hours  might  elapse  before  the 
precipitate  became  black,  while  at  higher  temperatures  several  minutes 
sufficed  to  bring  about  the  change.  The  final  solution  of  the  problem  in 
regard  to  the  existence  of  a  chemical  compound  of  sulfur  and  telltuium 
was  directly  connected  with  this  observation,  as  will  be  brought  out 
when  further  experiments,  carried  out  quantitatively,  are  described  in  a 
later  part  of  this  paper. 

Experiments  made  under  decreased  pressure,  and  other  tests  made  in 
absence  of  acids  or  dissolved  salts,  and  where  only  traces  of  water  vapor 
were  present,  were  alike  without  results  in  obtaining  a  compound  of  tel- 
lurium and  sulfur.  Many  other  experiments  were  tried  along  the  same 
general  lines  as  those  which  have  been  already  noted,  and  the  ph3rsical 
conditions  surrounding  the  solution  of  tellurous  acid  at  the  time  of  pre- 
cipitation, and  the  conditions  tmder  which  the  precipitate  was  filtered 
off  and  dried,  were  varied  through  the  widest  limits,  and  particular  care 
was  given  to  every  detail  that  might  bring  about  increasing  stability  in 
the  substance  formed.  Since,  all  these  experiments  gave  negative  re- 
sults, not  offering  in  any  case  even  the  slightest  evidence  of  a  combina- 
tion between  the  sulfur  and  tellurium,  the  conclusion  reached  by  earlier 
workers  seemed  inevitable,  and  the  hope  of  proving  that  a  combination 
between  the  two  elements  could  truly  exist  seemed  unwarranted.  One 
line  of  study,  however,  still  presented  itself,  and  further  experiments 
seeking  to  explain  the  phenomena  which  had  been  noted  in  regard  to  the 
slow  change  of  color  of  the  precipitate  in  solutions  which  had  been  kept 
at  o**  were  taken  up.  Tests  were  first  made  to  determin  the  relative 
lengths  of  time  which  elapsed  before  the  precipitates  would  turn  black, 
in  solutions  at  known  temperatures.  This  matter  was  tested  for  every 
five  degrees  between  0°  and  loo**,  and  it  was  found  that  the  change  in 
color  from  brown  to  black  which  took  place  almost  instantly  at  100°, 
required  increasingly  longer  time  as  the  temperatiu-e  became  lower, 
until  about  foiu:  hours  was  required  when  the  solution  was  kept  at  0°. 
The  change  in  color  from  brown  to  black  being  a  progressive  one,  con- 
sisting of  a  slow  darkening  without  any  accompanying  phenomena  which 
could  be  used  as  points  of  reference,  it  was  naturally  very  difiicult  to  say 
when  it  was  complete,  and  the  results  of  these  experiments  were  there- 
fore not  very  concordant  except  as  showing  the  marked  difference  be- 


8o6  WALTER  O.   SNELLINO. 

tween  the  rapidity  of  the  change  at  high  temperature  and  the  slowness 
with  which  it  took  place  at  temperatures  near  o^. 

In  the  light  of  these  experiments,  the  previous  results  obtained  in 
most  of  the  other  determinations  performed  in  the  cotu-se  of  this  work, 
and  of  the  published  writings  of  others  on  this  subject,  became  clear, 
since  it  is  evident  that  the  drying  of  the  precipitate  in  a  steam  oven  at 
loo^  would  bring  about  its  decomposition  even  if  it  existed  as  a  compotmd 
when  the  drying  commenced,  while  in  the  case  of  those  other  experi- 
ments where  the  material  was  dried  at  a  low  temperature  in  a  desiccator 
the  length  of  time  required  is  so  long  as  to  lead  to  the  substance  being 
completely  decomposed  when  examined.  The  only  way  in  which  it 
seemed  to  be  possible  to  reach  successful  results,  then,  would  be  to  find  a 
way  of  determining  the  amount  of  the  precipitate  formed,  and  the  extent 
of  the  solubility  of  its  sulfur  in  carbon  disulfide,  without  actually  drying 
and  weighing  the  precipitate.  The  steps  in  the  method  which  were  tried 
were  as  follows:  A  solution  of  tellurium  was  first  prepared,  and  care- 
ful determinations  were  made  to  show  its  tellurium  content.  Then  known 
volumes  of  this  solution  were  precipitated  by  hydrogen  sulfide,  and  the 
precipitates  were  collected,  dried  and  weighed,  thus  determining  the  com- 
position of  the  precipitate  by  synthesis,  since  the  amount  of  tellurium  is 
already  known  by  the  amount  of  the  solution  taken.  After  repeated  ex- 
periments had  been  made  to  show  the  exact  weight  of  the  precipitate 
which  a  given  volume  of  the  solution  would  give  when  precipitated  by 
hydrogen  stdfide,  experiments  similar  in  nature  were  tried,  but  the  pre- 
cipitates formed  were  shaken  up  with  carbon  disulfide  before  being  col- 
lected and  weighed.  In  this  way  the  solubility  of  the  sulftir  in  the  mix- 
ture cotdd  be  determined.  Finally  these  experiments  were  repeated  at 
varipus  temperattires,  and  thus  the  question  as  to  whether  a  combination 
between  the  sulftu"  and  tellurium  existed  at  low  temperatures  but  not  at 
high  was  determined. 

I  will  now  give  the  results  of  some  determinations  carried  out  in  the 
manner  stated  and  will  show  the  results  achieved: 

In  the  first  series  of  tests  the  solution  of  telluritun  was  prepared  by 
dissolving  pure  tellurium  in  hydrochloric  acid  to  which  a  few  drops  of 
nitric  acid  had  been  added  (telltu-ium  not  being  soluble  in  hydrochloric 
acid  alone),  and  the  solution  was  then  heated  for  several  hours  on  a  sand- 
bath,  hydrochloric  acid  being  added  from  time  to  time  tmtU  the  nitric 
acid  had  been  removed.  The  strong  hydrochloric  acid  solution  contain- 
ing tellurium  tetrachloride  was  then  diluted  with  water  and  was  ready 
for  the  determination  of  its  strength.  In  each  determination  3  cc.  of  the 
solution  were  taken,  and  enough  hydrochloric  acid  was  added  so  that 
tellurium  dioxide  would  not  be  precipitated  upon  dilution  with  water. 
The  $olution  was  then  considerably  diluted  and  a  freshly  prepared  solu- 
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ticm  of  sulftir  dioxide  was  added,  the  precipitation  taking  place  at  a  tem- 
perature of  80°. 

The  results  of  four  consecutive  determinations  of  the  strength  of  the 
solution  gave  figures  as  follows:  0.0734,  o  07341  0.0738  and  0.0736  g.  Te. 

As  it  has  been  pointed  out  by  other  workers  that  in  the  methods  of 
precipitating  tellurium  by  sulf tu-  dioxide  the  results  are  likely  to  be  high 
owing  to  the  oxidation  of  the  tellurium,  the  lower  value  0.0734  S-  ^^ 
taken  as  the  equivalent  in  tellurium  of  3  cc.  of  the  solution.  This  quan- 
tity of  the  solution  was  found  very  convenient  to  use,  and  was  the  stand- 
ard amotmt  taken  in  all  the  determinations  which  will  be  given. 

A  number  of  tests  were  next  made  to  determin  the  weight  of  the 
precipitate  which  would  be  formed  from  3  cc.  o(  this  solution,  by  passing 
hydrogen  sulfide  through  it  as  long  as  a  further  precipitate  resulted. 
Precautions  were  taken  to  have  the  results  of  these  experiments  strictly 
comparable,  and  8  determinations  gave  results  as  follows:  Wt.  of  ppt., 
0.1103,  0.1098,  0.1102,  0.1079,  0.1088,  o.iioo,  0.1102  and  0.1093  S- 

These  results  will  be  seen  to  be  fairly  concordant  when  it  is  considered 
that  the  determinations  represent  a  very  small  weight  of  the  material, 
and  that,  from  the  nature  of  the  precipitate,  the  weighing  has  to  be  made 
of  material  dried  at  100^.  The  very  close  relation  which  these  results 
bear  to  the  theoretical  quantity  of  the  precipitate  required,  assuming 
the  substance  to  contain  tellurium  and  sulfiu-  in  the  ratio  of  Te  to  Sj,  will 
be  seen  by  reference  to  these  figures: 

Used  o . 0734  g.  Te,  equivalent  to  o .  1 103  g.  TeS,;  found  o .  1 103,  o .  1098, 
0.1102,  0.1079,  0.1088,  o.iioo,  0.1102,  0.1093  g. 

These  results  thus  completely  confirm  Becker's  and  Gutbier's  analyses 
showing  that  the  precipitate  contains  its  sulfur  and  tellurium  in  the  ratio 
required  for  the  formula  TeS,.  The  next  determinations  taken  up  were 
made  to  show  that  carbon  disulfide  would  dissolve  out  the  sulfur  from  this 
precipitate  if  the  solution  was  warmed  during  or  after  precipitation. 
These  determinations  were  necessary  only  to  make  the  work  more  com- 
plete, and  to  answer  any  objection  which  might  be  raised  in  regard  to 
whether  carbon  disulfide  added  to  the  solution  and  shs^en  up  with  it, 
would  really  dissolve  out  the  sulfur  in  the  material.  The  reason  for  this 
step  will  be  more  clearly  seen  at  a  later  stage  of  the  work.  In  these  deter- 
minations the  same  amount  of  tellurium  (3  cc.)  and  water  (100  cc.)  was 
used  as  in  all  the  others  that  have  been  described.  Precipitated  by  HjS, 
extracted  by  CSj,  3  cc.  of  solution  "A,"  after  extraction,  gave  0.0776 
and  0.0773  g.  precipitate. 

The  manner  in  which  the  extraction  of  the  sulfur  by  carbon  disulfide 
was  effected  in  these  experiments,  and  in  all  those  to  follow,  will  now  be 
described.     In  every  case  the  quantity  of  the  diluted  tellurous  acid  solu- 
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lion  used  (3  cc.  sol.,  100  cc.  water)  was  put  in  an  Brknmeyer  flask  of  250 
cc.  capacity,  and  then  completely  precipitated  by  hydrogen  sulfide  gas, 
the  pressure  of  the  gas  being  noted,  and  all  precautions  being  taken  to 
have  conditions  the  same  in  all  the  experiments.  When  the  precipita- 
tion was  to  take  place  at  o^,  the  flask  with  its  contents  was  brought  to 
o^  by  standing  for  at  least  an  hour  in  a  bath  containing  ice,  and  hydro- 
gen sulfide  was  then  passed  while  the  flask  remained  surrotmded  by  the 
water  and  the  ice.  A  bottle  containing  carbon  disulfide  was  also  kept 
at  o^  by  a  similar  bath  of  ice  and  water,  and  the  graduate  used  to  measure 
the  volume  of  carbon  disulfide  used  was  kept  cool  in  the  same  manner. 
After  the  precipitation  was  complete,  the  hydrogen  sulfide  was  still 
passed  for  several  minutes,  twenty  minutes  in  all  being  the  usual  period. 
Then  20  cc.  of  carbon  disulfide  were  added  to  the  flask  and  the  whole  weU 
shaken.  Under  these  conditions  it  was  found  that  all  of  the  precipitate 
was  collected  in  the  carbon  disulfide,  which  settled  to  the  bottom,  and  the 
precipitate  and  its  solvent  were  then  in  intimate  contact,  and  the  flask 
was  allowed  to  stand  thus  for  fifteen  minutes,  all  of  that  time  being  kept, 
of  com-se,  in  a  bath  at  o®.  The  liquid  was  then  filtered,  and  it  was  found 
by  experiment  that  the  presence  of  the  two  immiscible  liquids  together 
did  not  cause  any  difficulty  in  filtration,  the  operation  taking  place  in 
about  the  normal  way,  but  usually  somewhat  slower  than  when  a  simple 
aqueous  solution  was  filtered.  In  some  of  the  earlier  experiments  a  small 
drop  of  water  was  first  placed  on  the  filter,  it  being  then  wet  with  carbon 
disulfide,  the  idea  being  to  have  part  of  its  surface  for  the  filtration  of 
the  aqueous  solution  and  the  remainder  to  let  the  carbon  disulfide  pass 
through,  thus  avoiding  their  mutually  repellant  action.  This  method  was 
not  fotmd  necessary,  however,  in  practice. 

The  determinations  so  far  mentioned  prepared  the  way  for  the  impor- 
tant ones  which  will  now  be  described,  and  which  were  intended  to  show 
whether  or  not  a  compound  of  tellurium  and  sulfur  really  exists.  If,  for 
example,  it  can  be  shown  that  immediately  after  precipitation  from  a 
solution  at  0°  by  hydrogen  sulfide  the  precipitate  formed  does  not  lose 
any  of  its  sulfur  when  treated  with  carbon  disulfide,  while  it  does  lose  its 
sulfur  if  it  has  been  warmed  or  allowed  to  stand  for  some  time,  then  the 
existence  of  an  early  decomposed  sulfide  would  be  indicated,  and  the  rate 
at  which  it  decomposed  at  any  given  temperature  could  be  determined 
by  finding  the  relation  which  the  total  amount  of  the  sulfiu:  in  the  com- 
pound bore  to  the  amount  which  cotdd  be  dissolved  out  by  the  solvent 
after  the  expiration  of  regular  intervals. 

Three  experiments  were  first  made  to  determin  the  amount  of  sulfur 
that  could  be  extracted  by  carbon  disulfide  from  the  precipitate  im- 
mediately after  its  formation,  and  the  following  interesting  results  were 
obtained; 
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Precipitated  by  HjS  and  extracted  by  CS,.  3  cc.  of  solution  "A'* 
gave  0.0908,  0.0940  and  0.0941  g.  precipitate. 

It  is  seen  from  this  that  almost  exactly  half  of  the  sulfur  is  found  under 
these  circumstances  to  be  dissolved  from  the  mixture,  as  will  be  brought 
out  more  clearly  from  this  tabulation : 

Te  present  in  3  cc.  of  the  solution,  0.0734  g- 


Required  for  TeSs. 
Gram. 

Required  for  TeS. 
Oram. 

Wt 

:.  rat.  found. 
Gram. 

0.IIO3 

0.0918 

0.0908 

O.I 103 

0.0918 

0.0940 

0.1103 

0.0918 

0.0941 

It  will  be  noted  that  in  the  first  analysis  given  the  result  is  much  lower 
than  in  the  other  two  determinations,  and  this  was  due  to  that  solution 
having  stood  for  a  few  minutes  after  precipitation,  before  the  carbon 
disulfide  was  added,  thus  giving  the  unstable  sulfide  time  to  partly  de- 
compose. In  every  case  the  carbon  distilfide  was  in  contact  with  the  pre- 
cipitate for  exactly  the  same  length  of  time,  and  this  time  was  sufficient 
to  allow  all  of  the  sulfur  to  be  dissolved  when  the  compotmd  had  been  de- 
composed by  heat,  thus  showing  that  the  diflference  in  the  weights  of  pre- 
cipitates collected  could  not  be  due  to  any  partial  or  incomplete  dissolv- 
ing of  free  sulfur.  To  still  further  test  the  matter  of  the  decomposition 
of  the  precipitate  by  simple  standing,  a  series  of  tests  were  made  in  which 
the  precipitates  were  formed  and  allowed  to  stand  (always  kept  at  o**) 
for  fixed  periods  of  time  before  adding  the  carbon  disulfide.  In  every 
case  it  was  found  that  the  longer  the  precipitate  stood  before  adding 
the  carbon  disulfide,  the  greater  was  the  amount  of  sulfur  which  was  re- 
moved from  the  mixture,  and  that  this  solubility  bore  a  definite  and  regu- 
lar ratio  to  the  time  of  standing.  The  following  table  will  give  the  re- 
sults obtained  in  this  manner: 

Precipitated  by  H^,  and  extracted  by  CS,,  immediately.  3  cc.  of 
solution  "A"  gave  0.0941  g.  precipitate. 

Precipitated  by  H^S,  and  extracted  by  CSj,  after  i  hour.  3  cc.  of  solu- 
tion '*A"  gave  0.0916  g.  precipitate. 

Precipitated  by  HjS,  and  extracted  by  CS,,  after  2  hours.  3  cc.  solu- 
tion "A"  gave  0.0863  g.  precipitate. 

Precipitated  by  HjS,  and  extracted  by  CSj,  after  3  hours.  3  cc.  solu- 
tion **A"  gave  0.0812  g.  precipitate. 

In  all  these  experiments  the  time  the  precipitate  was  in  contact  with 
the  carbon  disulfide  was  the  same,  fifteen  minutes,  and  no  other  condi- 
tion in  the  making  up  of  the  solution  or  the  bringing  about  of  the  pre- 
cipitation, varied  in  any  way.  The  increased  solubility  of  sulfur  was  a 
factor  simply  of  the  time  which  had  elapsed  since  the  precipitation  of 
the  material. 
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Further  experiments  were  made  to  show  the  effect  upon  the  solution  of 
the  sulfide,  by  standing  four,  five,  and  six  hoiurs,  but  it  will  be  noted  that 
nearly  all  of  the  sulfur  was  extracted  at  the  end  of  three  hours,  showing 
that  the  compound  had  almost  entirely  decomposed  at  the  end  of  that 
time,  and  the  removal  of  the  remaining  sulfur  was  quite  irregular  and  con- 
cordant results  were  not  obtained. 

To  show  that  the  regularity  shown  in  the  series  of  analyses  was  the  re- 
sult of  some  underlying  law,  and  not  of  any  factor  due  to  the  manner  of 
procediu'e,  check  determinations  were  run.  The  results  were  entirely 
concordant,  when  the  differences  are  considered  which  the  variation  of 
even  the  smallest  fraction  of  a  degree  in  temperatiu-e  would  cause  in  the 
course  of  three  hours. 

Precipitated  by  HjS,  and  extracted  by  CS,,  after  3  hours.  3  cc.  of 
solution  *'A"  gave  0.0812  g.  and  0.0827  g.  ppt. 

The  examination  of  the  results  which  I  have  already  given  will  bring 
out  the  following  facts: 

(a)  That  when  a  solution  of  tellurium  is  precipitated  by  hydrogen 
sulfide,  whether  the  precipitation  takes  place  m  a  warm  solution  or  one 
at  0°,  and  irrespective  of  whether  the  solution  is  allowed  to  stand  several 
hours  or  not,  the  weight  of  the  precipitate  formed  will  bear  the  constant 
ratio  to  the  amount  of  telltuium  in  the  solution,  of  191 . 6  to  127 . 6  (i  .5017 
to  1 .0000),  showing  that  the  precipitate  consists  of  tellurium  and  sulfur 
in  the  proportion  of  one  atom  of  tellurium  to  two  atoms  of  sulfur. 

(6)  That  the  sulfur  in  the  precipitate  can  be  dissolved  out  of  the  mix- 
ture by  carbon  disulfide,  provided  the  solution  containing  the  precipitate 
has  been  warmed  after  precipitation,  or  allowed  to  stand  for  several  hours. 

(c)  That  at  the  moment  of  precipitation  half  of  the  stdftu*  in  the  pre- 
cipitate is  soluble  in  carbon  disulfide,  and  a  residue  is  left  containing  sul- 
fur and  telliu-ium  in  the  ratio  expressed  in  the  formula  TeS,  and  the  sulfur 
in  this  residue  is  not  soluble  in  carbon  disulfide,  thus  indicating  that  it 
does  not  exist  in  the  free  state,  but  is  held  in  chemical  combination  with 
the  tellurium. 

(d)  That  the  sulfide  of  telltuium  (TeS)  present  in  the  precipitate  is 
very  unstable,  and  decomposes  entirely  at  0°  in  about  four  hours,  or 
instantly  if  heated. 

Although  all  of  the  foregoing  conclusions  seem  to  me  to  be  justifiable 
from  the  evidence  which  I  have  just  stated,  yet  it  seemed  to  be  at  least 
desirable  to  check  up  all  these  results  by  confirmatory  experiments,  and 
thus  have  the  experimental  data  so  complete  that  it  could  not  be  in  any 
way  questioned.  I  accordingly  prepared  a  new  solution  differing  con- 
siderably in  strength  from  solution  *'A"  and  confirmed  by  additional 
experiments  all  of  the  evidence  which  I  have  already  presented. 

These  experiments  were  found  in  every  way  to  be  completely  confiirma- 
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tory  of  the  first  series  of  experiments,  the  results  of  which  have  been 
akeady  stated. 

Until  some  other  explanation  can  be  found  to  show  why  this  relation 
should  hold,  it  seems  necessary  to  conclude  that  a  sulfide  of  telltuium, 
having  the  formula  TeS»  exists;  that  it  is  formed  by  passing  hydrogen 
sulfide  gas  into  a  solution  of  tellurous  acid,  according  to  the  reaction 

2H^  +  HjTeOj  -  TeS  -h  S  +  3H,0, 

and  that  this  compound  decomposes  very  readily  at  any  temperature 
higher  than  o^,  and  that  it  is  unstable  even  at  o^,  decomposing  in  about 
four  hours  to  telltuium  and  sulfur. 


PRECIPITATIOir  OF  THE  COPPER-ARSENIC  GROUP  AND  THE 

SEPARATION  OF  ITS  DIVISIONS. 

By  J.  I.  D.  HxNM. 
RccetvedApnl  1.1912. 

The  analysis  of  solutions  containing  quinquevalent  arsenic  and  bi- 
valent tin  is  simplified  and  expedited  by  the  method  here  outlined.  The 
facts  upon  which  the  method  is  based  are  mostly  well  known,  though  I 
have  added  some  definit  information,  especially  as  to  the  loss  of  arsenous 
chloride  on  boiling  its  acid  solution  and  the  solubility  of  copper  sulfide  in 
colorless  ammonium  sulfide.  These  facts  have  been  confirmed  by  care- 
ful experiments  and  are  as  follows : 

1.  For  the  ready  precipitation  of  quinquevalent  arsenic  by  hydrogen 
sulfide  a  hydrochloric  acid  concentration  above  2  ^  is  required;  for  the 
complete  precipitation  of  other  members  of  the  group,  notably  cadmium, 
antimony  and  tin,  the  acid  concentration  must  be  below  0.5  N;  to  hold 
in  solution  the  metals  of  succeeding  groups  the  concentration  must  be 
above  o.  1 25  N.  These  different  concentrations  are  secured  first  by  evapora- 
tion and  then  by  proper  dilution. 

2.  The  quantity  of  arsenous  ion  lost  on  long  boiling  with  dilute  hydro- 
chloric acid  is  a  function  of  the  quantity  present,  and  when  a  solution  normal 
in  HG  is  boiled  half  way,  the  loss  is  less  than  one  thousandth  of  the  quantity 
present,  I  have  established  this  fact  by  many  determinations,  an  account 
of  which  will  be  given  in  a  subsequent  paper.  The  investigation  covered 
solutions  varying  in  concentration  from  o.oi  N  to  normal  in  arsenous 
ion.  The  solutions  were  distilled  half  way  and  the  quantity  of  arsenic 
in  the  distillate  determined. 

3.  The  sulfides  of  arsenic,  antimony  and  stannic  tin  are  easily  soluble 
in  colorless  ammonium  sulfide.  Stannous  sulfide  is  not  thus  soluble 
and  its  presence  is  avoided. 

4.  Copper  sulfide  is  only  slightly  soluble  in  colorless  ammonium  sul- 
fide and  in  this  method  the  quantity  dissolved  is  inconsiderable,  though  a 
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little  polysulfide  may  be  formed  because  of  separation  of  sulfur  or  action 
of  ferric  ion. 

The  process  is  carried  out  as  follows :  To  a  given  quantity  of  the  solu- 
tion (say  45  cc.)  add  one-ninth  of  its  volume  (5  cc.)  of  concentrated  hydro- 
chloric add  and  a  few  drops  (0.5  cc.)  of  nitric  acid.  The  laboratory 
hydrochloric  acid  is  usually  about  10  N  and  the  solution  is  thus  made 
about  normal.  If  much  add  is  already  present  allowance  must  be  made 
for  it.  Transfer  the  mixture  to  an  Krlenmeyer  flask  and  boil  it  half 
away  under  the  hood.  The  residual  liquid  is  about  2  N  in  HQ  since 
but  little  acid  is  lost  on  boiling  at  this  concentration.  The  nitric  add 
has  oxidized  stannous  to  statmic  ion,  has  prevented  separation  of  metals 
by  reduction,  and  has  probably  raised  the  valence  of  a  portion  of  the 
arsenic.  Pass  a  rapid  stream  of  hydrogen  sulfide  through  the  hot  liquid, 
heatLag  again  to  boiling  once  or  twice  and  shaking  vigorously.  The  pre- 
cipitation of  arsenic  begins  quite  promptly  and  proceeds  rapidly.  When 
no  more  precipitate  forms  (5  to  10  minutes),  add  enough  water  (80  cc.) 
to  make  the  volume  a  little  more  than  twice  the  original  (100  cc).  This 
reduces  the  HCl  concentration  below  0.5  N,  Continue  to  pass  the  gas 
until  the  liquid  is  cold  and  imtil  no  more  predpitate  falls  (10  to  15  min- 
utes), filter  and  wash.  For  a  somewhat  similar  process,  except  as  to  the 
boiling,  see  Noyes  and  Bray.* 

Transfer  the  predpitate  to  a  beaker,  cover  it  with  concentrated  am- 
monium hydroxide,  pass  a  rapid  stream  of  hydrogen  sulfide  for  one  or 
two  minutes,  warm  gently,  shake  well,  filter  and  wash.  The  sulfides  of 
arsenic,  antimony  and  tin  dissolve  very  promptly,  carrying  with  them 
generally  only  a  trace  of  copper.  Filtrate  and  residue  are  treated  in  the 
usual  way. 

The  advantages  of  this  method  are  as  follows:  (i)  A  definit  add 
concentration  is  secured;  (2)  the  precipitation  of  arsenic  is  certain,  prompt 
and  complete  in  a  few  minutes;  (3)  after  dilution  the  other  metals  are 
thrown  down  with  similar  ease  and  certainty;  (4)  the  use  of  yelldW  am- 
monium sulfide  is  avoided;  (5)  the  time  is  much  shortened,  30  to  45 
minutes  being  sufficient  for  the  whole  process. 
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THE  QUANTITATIVE  DETERMINATION  OF  PERCHLORATES.' 

By  Arthur  B.  Lamb  and  John  W.  Mardbn. 
Received  March  25.  1912. 

In  the  course  of  a  study  of  certain  cobaltammines  it  became  necessary 

*  This  Journal,  29,  167,  Proc.  21. 

*  Read  before  the  Section  of  Inorgaxiic  and  Physical  Chemistry  of  the  American 
Chemical  Society  at  the  Washington  Meeting,  December  28,  191 1. 
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to  make  accurate  analyses  of  perchlorates.  A  study  of  the  literatture 
indicated  that  no  really  satisfactory  method  of  analysis  had  been  worked 
out,  and  a  number  of  trials  by  several  methods  confirmed  this  conclu- 
sion. We  finally  located  the  disturbing  factor  in  the  simplest  of  these 
methods,  and  by  a  proper  mode  of  procedtu-e  eliminated  it  altogether, 
so  that  now  we  can  determin  perchlorates  with  ease,  speed  and  accuracy. 

A  fusion  method  for  the  analysis  of  perchlorates,  followed  by  the  de- 
termination of  the  chloride  formed,  would  seem  to  present  no  special  diffi- 
culties. As  a  matter  of  fact,  in  spite  of  many  attempts,  it  appears  that 
no  accurate  results  have  heretofore  been  obtained  in  this  way.  Many 
different  fusion  mixtures  and  different  methods  of  procediure  have  been 
suggested.  The  method  of  Bangley,^  according  to  which  the  perchlorate 
is  ignited  with  ammonium  chloride,  has  been  recommended,  but  it  is 
admitted  that  an  accuracy  greater  than  1%  cannot  be  expected.  A 
method  described  by  Camot'  has  also  been  recommended.'  In  this 
method  the  perchlorate  is  mixed  with  sand  in  a  platintmi  crucible  and 
this  is  heated  to  a  dull  red  color.  Camot  claimed  an  accuracy  of  o.  1%, 
but  in  spite  of  repeated  trials  we  have  been  tmable  to  approach  this  ac- 
ciu-acy.  The  results  of  our  last  two  trials,  made  with  a  pure  sample  of 
potassium  perchlorate,  were  the  best,  and  are  given  in  Table  I: 

Tablb  I. — ^Analysis  op  Potassium  Pbrchlorats  by  Carnot's  Method. 

No.  of.       Ka04.  AgCL  AfQ.  Error.  Error, 

ezpt.      Wt.  taken.         Wt.  calc.  Blank.  Wt.  found.  Gram.  Per  cent. 


1  0.4562  0.4720  0.0000  0.4593         — 0.0127  — 2.69 

2  0.4677  0.4805  0.0000  0.4771         —0.0034         — 0-70 


It  will  be  seen  that  the  errors  are  very  considerable.  It  appeared  in 
earlier  trials  as  though  these  errors  might  be  due  to  a  loss  by  volatiliza- 
tion, and  the  temperature  was  therefore  kept  as  low  as  possible;  but  this 
could  not  be  carried  too  far  as  there  was,  on  the  other  hand,  the  danger 
of  incomplete  decomposition  due  to  too  low  a  temperature.  There  is  no 
siu-e  way  by  this  method  of  avoiding  these  alternative  difficulties. 

Dupr^*  apparently  appreciated  these  difficulties,  for  in  determining 
the  perchlorates  in  saltpeter  by  ignition,  he  used  a  platintun  crucible 
surrounded  by  a  specially  constructed  oven  which  maintained  a  constant 
temperature  of  545°.  His  results  appear  to  be  somewhat  better  than 
those  we  have  obtained  by  the  Camot  method.  The  results  of  the  only 
analyses  he  publishes,  where  adequate  amounts  of  perchlorate  were  used, 
are  given  in  the  following  table  (Table  II) : 

>  TreadweU  and  HaU,  "Analytical  Chem.",  Vol.  II. 
'  Compt,  rend.,  122,  452  (1896). 
'  Sutton,  "Volumetric  Analysis,"  p.  175  (1904). 
^  y.  Soc,  Ckem,  IfuL,  aZ|  825  (i902). 
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Tablq  II.— Analysss  op  Potassium  Pbrchlorats  by  Dupr^'s  Method. 

No.  of       K.OO4.  AgQ.  A«0.  BxTor.  Biror. 

cxpt.     Wt.  taken.        Wt.calc.  Blank.  Wt.ioniid.  Gram.  Per  cent. 

1  0.0035  0'995  0.0000  0.986  — 0.009  —  '-O 

2  0.0035  0.498  0.0000  0.492  — 0.006  —  1.2 

3  0.0035  0.249  0.0000  0.350  +0.001  +   0.4 

4  0.0035  0.099  0.0000  0.099  ±0.000  +  0.0 

5  0.0035  0.050  0.0000  0.054  +0.004  +8.0 

6  0.0035  0.025  0.0000  0.028  +0.003  +12.0 

These  restilts  are  still  very  unsatisfactory. 

A  method  proposed  by  Dietrich  and  Ballenbach^  appears  to  be  the 
most  successful  modification,  so  far,  of  the  fusion  method.  These  authors 
fused  the  perchlorate  with  a  mixttu'e  of  potassium  nitrate  and  nitrite. 
The  only  results  they  have  published  are  reproduced  in  Table  III: 

Tablb  III. — ^Anai<ys8s  op  Potassium  Pbrchlorats  by  Dietrich  and  Bai«lsnbach. 

No.  of     KClO«.       AgO*  AgCl.  Error.  Brror. 

expt.  Wt.  taken.  Wt.  calc.     Blank.       Wt.  found.     Gram.  Per  cent.  Flux  added. 

1  0.3924    0.4062    0.0000      0.4070     +0.0008       +0.19      KNO,  andKNO, 

2  0.4436    0.4589    0.0000      0.4574    — 0.0015      — 0.32      iCNO,  and  KNO, 


While  better  than  any  of  the  previously  cited  results  their  errors  are 
still  considerable. 

Influenced  by  the  ill  success  of  these  various  modifications  of  the  fusion 
method  a  number  of  investigators'  have  worked  out  methods  of  reduc- 
tion and  analysis  in  solution.  One  by  Rothmund,'  using  titanium  sul- 
fate, appears  to  be  the  most  successful  of  them,  but  while  apparently 
accurate  enough,  it  is  long  and  time  constmiing  when  compared  with  the 
direct  fusion  method.  It  seemed  to  us  worth  while,  thei:efore,  to  locate 
the  source  of  error  in  the  fusion  method  and  to  remove  it  if  possible. 

The  sign  of  the  errors  in  all  the  modifications  of  this  method  so  far 
tried  has  been  almost  always  negative;  that  is,  too  little  silver  chloride 
has  been  obtained.  Such  a  result  would  be  catised  by  either  of  the 
two  alternatives  above  mentioned,  that  is,  either  by  incomplete  reduc- 
tion or  by  volatilization. 

To  obtain  evidence  bearing  upon  these  alternatives  we  fused  samples 
of  pure  potassium  perchlorate  with  many  different  fluxes;  with  potassium 
bisulfate  and  zinc,  with  sodium  carbonate  alone,  and  with  soditim  car- 
bonate mixed  with  sodium  sulfite  or  powdered  charcoal,  or  with  pow- 
dered charcoal  and  titanium  sulfate.  It  is  not  necesisary  to  give  the 
results  of  these  fusions  in  detail.  Low  results  were  again  obtained  in 
ever^  case,   but  the  error  was  fairly  constant  and  never  amounted  to 

»  Ber.,  38,  751  (1905). 

*  Rothmnnd,  Chem.  Z(g.,  33,  1245  (^9^)*    Sjollema,  Z.  anorg,  Chem,,  43,  127 
(1904).    Kreiden,  Z.  anorg,  Ckem.,  xo,  277  (1895). 
'  Loc,  cii. 
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more  than  i  .0%,  even  where  no  reducmg  agent  was  present.  The  fusions 
with  the  flux  containing  sodium  carbonate,  carbon  and  titanium  sulfate 
gave  the  best  results,  but  even  they  were  always  from  0.2-0.4%  low. 
The  use  of  a  double  crucible  with  a  double  cover  seemed  to  be  only  a 
slight  improvement.  Th^se  experiments  indicated  that  the  reducmg 
agent  was  of  little  importance  and  that  the  small  discrepancies  were  proba- 
bly due  not  to  incomplete  reduction  but  to  a  slight  loss  by  volatilization. 

To  test  this  conclusion  a  number  of  fusions  were  carried  on  in  a  glass 
combustion  tube  through  which  a  slow  current  of  air  was  drawn.  Plugs 
of  asbestos  wool  were  inserted  near  the  outlet  end  of  the  tube,  and  to  this 
two  U-tubes  containing  beads  wet  with  water  were  attached  in  series. 
The  perchlorate  with  flux  was  placed  in  a  platinum  boat  and  heated  for 
about  twenty  minutes.  The  plugs  of  asbestos  and  the  moistened  beads 
prevented  the  escape  of  any  chloride  vapor  or  ftunes,  for,  although  the 
water  in  the  first  U  tube  usually  gave  a  slight  test  for  chlorides  after 
a  fusion,  no  chloride  was  ever  detected  in  the  second  U  tube.  After 
cooling,  the  contents  of  the  combustion  tube  and  the  U  tube  were  washed 
upon  a  platinum  gooch  filter  with  hot  water,  the  chloride  precipitated,  and 
the  silver  chloride  dried  in  an  eiectric  oven  at  170^-180°.  Different 
fusion  mixtures  were  employed;  first  sodium  carbonate  mixed  with  pow- 
dered charcoal  and  titanium  sulfate;  later  the  titanium  sulfate  and  then 
the  charcoal  too  were  omitted.  Since  the  charcoal,  titanium  sulfate  and 
asbestos  were  all  found  to  contain  traces  of  chlorides,  blank  determina- 
tions were  made  upon  each  of  them  and  appropriate  corrections,  always 
very  small,  were  applied.  The  use  of  warm  water  in  washing  resulted 
in  a  rapid  removal  of  the  silver  and  potassium  nitrate  from  the  precipitate, 
but  according  to  the  measui;ements  of  Bottger*  and  Kohlrausch'  must  have 
entailed  a  slight  loss  of  silver  chloride.  The  temperattu'e  of  the  wash  water 
was  about  60^  and  its  total  volume,  since  it  was  applied  in  small  quantities 
at  a  time,  amotmted  only  to  between  50-75  cc.  A  saturated  solution  of 
silver  chloride  in  pure  water  of  this  volume  and  temperature  would  have 
contained  about  0.4  mg.  of  silver  chloride,  but  since  the  washing  was  soon 
discontinued  after  the  wash  waters  showed  no  test  for  silver  ions,  the 
first  two-thirds  of  the  wash  water  could  have  contained  only  a  negligi- 
ble quantity  of  silver  chloride.  The  loss  of  silver  chloride  then  must 
have  been  only  about  o.i  mg.  We  have  added  this  almost  negligible 
correction  to  the  observed  weights  of  silver  chloride.  The  restdts  of  these 
experiments  are  given  in  Table  IV. 

These  results,  with  an  average  deviation  from  theory  of  only  o .  2  mg. 
of  silver  chloride  or  o.  1%,  demonstrate  that  acctu-ate  results  can  be  ob- 
tained by  the  fusion  method;  that  reducing  agents  are  unnecessary  and 

*  Z.  physik.  Chem.,  46,  603  (1903). 

'  KohlraiMch  and  Holbom,  "I^tvennAgien,"  p.  216. 
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that  the  low  results  of  previous  analyses  by  the  fusion  method  must 
have  been  due  to  losses  by  volatilization. 

Tabi^B  IV. — Fusion  Anai^ysbs  op  Potassium  Pbrchlorate  in  a  Tube. 

No.  of  KC104*        AffCl.  AsQ.        Deviation.  Deviation. 

expt.  Wt.  taken.  Wt.  calc.      Blank.   Wt.  found.       Gram.        Per<cent.  Flux  added. 

3  a.2049  0.2119  0.0015  0-2I34  ±00000  ±0.00    Na2CO,Ti(S04),  and  C 

4  0.2005  0.2074  0.0015  0.2086  — 0.0003  — 0.15 

5  0.2506  0.2592  0.0015  0.2603  — 0.0004  — 015 

6  0.2605  0.2695  o.ooio  0.2699  — 0.0006  —0.22     Na,CO,  and  C 

7  0.2017  0.2086  0.0002  0.2085  — 0.0003  — 0.15     Na,CO, 

With  these  points  established  we  resorted  to  a  much  simpler  and  yet 
equally  efficient  form  of  apparatus.  It  consisted  merely  of  a  thin  glass 
(Jena)  test  tube  of  25-30  cc.  capacity  fitted  with  two  plugs  of  asbestos  wool. 
The  plugs  were  15  mm.  thick;  the  first  was  placed  50  mm.,  the  second 
95  mm.  from  the  bottom  of  the  test  tube.  The  perchlorate  was  weighed 
directly  into  the  test  tube,  the  plugs  inserted,  the  tube  clamped  in  a  nearly 
horizontal  position  and  the  lower  end  gently  heated.  White  fumes  were 
formed  as  the  oxygen  was  expelled  but  these  were  completely  retained 
by  the  first  plug.  When  eflfervescence  had  ceased,  a  somewhat  larger 
flame  was  applied  until  all  the  chloride  was  thoroughly  fused.  The  time 
required  for  this  heating  varies  between  10  and  15  minutes.  It  is  a  de- 
cided advantage  to  be  able  to  watch  the  progress  of  the  fusion.  After 
cooling,  the  contents  of  the  tube  were  washed  upon  a  filter  with  warm  water, 
the  chloride  was  precipitated  and  the  silver  chloride  dried  as  before. 
The  weights  were  carefully  calibrated  and  vacuum  corrections  applied, 
taking  2 .  52  aud  5 .  57  as  the  specific  gravities  of  the  potassium  perchlorate 
and  the  silver  chloride,  respectively.  As  before,  a  correction  of  o.  i  mg. 
was  applied  for  the  silver  chloride  dissolved  by  the  warm  wash  water. 

The  same  sample  of  potassium  perchlorate  which  was  used  in  the  com- 
bustion tube  fusions  was  first  analyzed  by  this  method.  This  sample 
had  been  found  to  be  free  from  chlorides,  chlorates  or  sulfates  and  from 
other  metals  than  potassium.  The  results  of  these  analyses  are  given 
in  Table  V: 

Tablb  v. — ^Analysbs  op  Samplb  No.  i  Potassium  Pbrchloratb  by  Tbst  Tubs 

Mbthod. 


No.  of 
expt 

Kao«. 

wt.  taken. 

Agd. 
wt.  calc. 

Blank. 

AfQ 
wt.  found.  • 

Deviation. 
Gram. 

Deviation. 
Percent. 

8 

0.2290 

0.2369 

+0.0002 

0.2371 

±0.0000 

±0.00 

9 

0-3455 

0.3574 

+  0.0002 

0-3577 

+  0.0001 

+0.03 

10 

05904 

0.6107 

+  0.0002 

0.6107 

— 0.0002 

—0.03 

The  average  deviation  from  the  calculated  value  in  the  analysis  is  but 
0.02%. 
A  second  sample  of  potassium  perchlorate  was  prepared  from  the  above 
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sample  by  a  double  recrystallization  from  redistilled  water  in  Jena  glass 
flasks,  using  as  low  temperatures  as  possible.  The  resulting  50  gms. 
of  salt  was  ground  and  then  dried  to  constant  weight  at  130^  in  an  elec- 
tric oven.     Analyses  made  upon  it  are  given  in  Table  VI : 


«v   vx. 

^AIMAl^YSK 

S    Ur    OAMF 

Method. 

AfiRIUM    ft 

CK<JtUVUKAllC 

BY     LUST    J 

No.  of 
eacpt. 

Kao«. 

Wt.  taken. 

Ago. 
Wt.  calc. 

Blank. 

AfO. 
Wt.  found. 

Deviation. 
Gram. 

Deviation. 
Percent. 

II 

0.4561 

0.4718 

+0.0002 

0.4720 

±0.0000 

±0.00 

12 

0.4437 

0.4590 

+  0.0002 

0.4590 

— 0.0002 

-0.04 

13 

0.4501 

0.4656 

+  0.0002 

0.4658 

±0.0000 

±0.00 

These  results  are  practically  identical  with  those  obtained  with  the 
previous  sample  and  demonstrate  the  purity  of  both. 

This  method  was  now  employed  to  analyze  a  newly  prepared  aquo- 
pentammine  cobalt  perchlorate.  It  was  necessary  to  dilute  the  cobalt- 
ammine,  else  a  rather  explosive  decomposition  took  place;  pure  sodium 
nitrate  was  used  for  this  purpose.     The  results  are  given  in  Table  VII : 

Tabi^  VII. — ^Analyses  of  Aquopbntammine  Cobalt  Pskchloratb  by  Tbst  Tubb 

Method. 

No.  of       KCIO4.  AgO.  AfO.  Deviation.        Deviation, 

expt.    Wt.  taken.       Wt.  calc.  Blank.         Wt.  found.  Gram.  Per  cent. 

14         0.2900         0.2704  +0.0002  0.2706  ±0.0000  ±0.00 

>5         0.334«         O.3121  +0.0002         0.3124  +0.0001  +0.03 

They  agree  nearly  as  well  with  the  requirements  of  theory  as  do  the 
analyses  of  potassium  perchlorate. 

The  above  analyses  demonstrate  beyond  question  the  accuracy  of  this 
method.  The  average  duration  from  the  calculated  weight  of  silver 
chloride  was  less  than  0.02%,  which  is  certainly  equal  to  the  attainable 
accuracy  of  the  chloride  determination  itself  under  these  conditions. 
Moreover,  every  analysis  made  by  this  new  process  has  been  here  re- 
corded. The  apparatus  is  very  simple;  a  hard  glass  test  tube  is  prefera- 
ble to  an  ordinary  soft  one,  but  the  treatment  is  not  severe.  We  used 
the  same  thin  glass  test  tube  for  the  first  three  analyses  without  any  per- 
ceptible injury  to  it.  The  fusion  can  be  easily  controlled  and  the  whole 
analysis  requires  scarcely  more  time  than  an  ordinary  chloride  deter- 
mination. If  this  latter  determination  is  made  volumetrically,  the  whole 
analysis  becomes  a  very  rapid  one. 

In  conclusion,  then,  we  can  present  the  above  as  a  very  accurate, 
simple  and  rapid  method  for  the  determination  of  perchlorates. 

Nbw  York  Ctty.  March  21,  1912. 


8l8  K.   SUGIURA  AND  P.   A.   KOBER. 

[Contribution  prom  thb  Harriuan  Rsssarcr  Laboratory,  Roossvslt  Hosfital, 

Nsw  YodRK  dry.] 

lODOHETRIC  COPPER  TITRATIONS. 

By  K.  Suoiura  anp  P.  A.  Koan. 
Received  Auril  8,  1812. 

Introduction. 

In  stud3ang  a  large  number  of  copper  salts  of  amino  acids,  ^  we  ob- 
tained the  copper  as  a  hydroxide  or  oxide  by  precipitating  with  alkali 
under  suitable  conditions.  After  washing  the  precipitate  on  the  filter 
paper  and  the  flask  thoroughly,  we  transferred  the  paper  with 
precipitate  back  into  the  flask  and  dissolved  with  20-25  cc.  of  10% 
acetic  acid.  The  resulting  copper  acetate  was  then  titrated  with  potas- 
sium iodide  and  sodium  thiosulfate  solution  in  the  usual  manner,  using 
starch  solution,  finally,  as  an  indicator.  It  was  noticed  that  these  solu- 
tions did  not  show  a  return  of  the  usual  hltie  color  of  starch  produced  in 
these  reactions,  or,  in  other  words,  showed  sl  stable  end  point;  while  those 
titrations  made  in  the  presence  of  nitrates  gave  too  high  results  and 
showed  an  unstable  end  point. 

'Recently  Kendall'  described  a  technic  designed  to  remove  the  nitrites, 
based  on  the  use  of  phenol  under  certain  conditions.  According  to  Ken- 
dall, his  method  is  quick  and  when  suitably  controlled  gives  satisfactory 
and  accurate  values.  In  a  later  article  Kendall'  points  out  a  source  of 
error.  We  hope  to  show  that  the  precipitation  with  alkali  and  solution 
with  acetic  acid  will  accomplish  the  same  end,  is  simple,  and  accurate, 
removing  all  unnecessary  and  interfering  substances  from  the  copper 
solution. 

EzperimentaL 

As  a  standard  solution,  we  employed  a  0.04  M  copper  nitrate  solution, 

made  from  cupric  oxide,*  standardized  many  times  by  the  electrolytic 

method. 

The  standardized  0.04  M  copper  nitrate  solution  is  made  by  dissolving  3.184  g.  of 
copper  oxide  in  dilute  nitric  add.  After  evaporating  almost  to  dryness,  to  remove 
the  excess  of  nitric  add,  the  copper  nitrate  solution  was  diluted  and  made  up  to  one 
liter.  To  standardize  this  solution,  we  took  50  cc.'  of  0.04  Af  copper  nitrate  solution 
at  18^,  in  a  platinum  dish,*  added  2  cc.  of  concentrated  nitric  add,  3  cc.  of  95%  alcohol 
and  brought  the  volume  with  water  within  V4  inch  of  the  edge  of  the  platinum  dish. 
Electric  current  of  0.8-1.2  amperes  was  then  passed  through  the  solution  for  about  6 
hours.  The  end  of  electrolysis  was  shown  by  testing  a  small  portion  of  the  solution 
with  hydrogen  sulphide.    When  the  electrolysis  was  finished  the  dish  was  inclined  and 

^  Kober  (Preliminary  Conununication),  /.  Biol.  Chem,,  xo,  9  (19x1). 
■  Kendall,  This  Journal,  33,  1947. 
*  Kendall,  Ibid.,  34i  317. 
«  Eimer  and  Amend's  tested  purity  product. 

'  Carefully  standardized  flasks,  pipets,  biu-ets  and  weights  were  used  in  this  in- 
vestigation. 

'  The  platinum  dish  weighed  about  50  g. 
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the  nitric  add  diluted  and  displaced  by  a  stream  of  cold  water  from  a  waaih  bottle. 
The  electrodes  were  removed  and  the  dish  was  washed  once  more  with  water  and  the 
water  finally  removed  from  the  platinum  dish  with  95%  alcohol.  The  dish  was 
then  dried  in  an  oven  at  a  temperature  of  70  ^--90^  for  5  min.  and  in  a  vacuum  desic- 
cator for  about  two  hours,  after  which  it  was  weighed. 

A  few  examples  will  suffice: 


0.04itf  Cu(NOs)fl  Copper 
Solution*         taken.           found  by 
No.               cc.             electrd]^.  . 

Bqulvaleat 
taCuO. 

Theoretical  unt. 

ofCttOfor 
0.04^.Cu(NOt)f. 

I'actor. 

I                 50                0.1263 

O.1581 

0.1592 

0.993 

I                 50                O.X363 

O.1581 

0.1592 

0.993 

I                 50                0.1264 

0.1582 

0.1592 

0.994 

Average,  50             0 . 1 263 

0.1581 

0.159c 

0.9933 

2             50             0.1261 

0.1578 

0.1592 

0.991 

2             50             0.1260 

O.I57T 

0.1592 

0.990 

2             50             0.1261 

0.1578 

0.1592 

0.991 

Average,  50             0.1261 

0.1578 

0.1592 

0.9906 

These  results  show  that  the  cupric  oxide  is  somewhat  impure.  In 
order  to  actually  prove  this  we  electrolyzed,  dried  and  weighed  portions 
of  cupric  oxide,  which  gave  the  following  results : 

CuO  Cu  found  Bquivalent 

Sample  taken.  by  dectrolyaia.  mCuO.         CuO  found.        Impnrtty 

No.  Grams.  Grama.  Grams.  Percent.  Percent. 

1  0.2539  0.2000  0.2503  98.58  1.42 

2  1.6095  1.1672  1.5859  98.53  1.47 

3  1.6095  1.2671  1.5858  98.53  1-47 

4  1.6095  1.2670  1.5857  98.52  1.48 

To  determin  the  factor  of  the  0.04  N  sodium  thiosulfate  50  cc.  of  stand- 
ard copper  nitrate  solution  were  diluted  to  100-150  cc.  After  adding  2-3 
drops  of  1%  phenolphthalein  indicator,  33%  alkali  was  added  drop  by 
drop  imtil  a  slight  precipitate  of  copper  hydroxide  remained  undissolved. 
The  solution  was  then  titrated  with  0.2  AT  carbonate-free  soditmi  hydroxide* 
(containing  Ba(OH)j)  until  a  change  of  color  was  observed.  The  solu- 
tion, after  settling,  was  filtered  through  good  Swedish  filter  paper,  and  the 
precipitate  aad  precipitating  flask  washed  three  or  four  times  with  a  lit- 
tle water.  The  precipitate  with  filter  paper  was  then  transferred  back 
into  the  flask  and  the  copper  hydroxide  dissolved  in  20--25  cc.  of  10% 

'  The  determinations  recorded  in  this  paper  were  made  during  the  course  of  a 
year,  along  with  other  work.  Therefore,  many  different  solutions  were  used,  and  ob- 
viously, the  solutions  have  not  always  the  same  factor. 

'  An  excess  of  alkali  containing  carbonate  will  of  course  keep  some  of  the  copper 
in  solution  as  a  carbonate  complex,  but  under  the  conditions  given  above  this  is 
impossible. 
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acetic  acid  (warming  the  solution,  if  necessary).  After  adding  2-4  g. 
of  potassium  iodide  to  the  cooled  solution,  sodium  thiosulfate  was  added 
slowly  imtil  most  of  the  iodine  had  disappeared.  Then  a  little  fresh  starch 
solution  and  more  thiosulfate  solution  were  added  until  the  blue  starch 
color  was  discharged.  The  end  point  under  these  conditions  was  sharp 
and  stable.  As  many  controls  showed,  the  filter  paper  had  no  influence 
on  the  results. 


A  few  examples  of  titration^  follow: 


Weisht  of  cop- 


Diawdvcd  in  HNO*.  Titrated  di- 

precipitated  with        rectly.  without 


0.04  M  Ctt(NOa)s      per  found  after 
taken.                    electrolysis, 
cc.                           Gram. 

NaOH.  etc.,  titrated  dectrdlysis  (predpi- 
with  0.04  N  NaaSsOa.      Ution  method) . 
cc.                                  oc. 

50                         O.1261 

48.93 

50                         0.1260 

48.88 

50                         O.1261 

49.03 

50                            

48.99 

50                            

49.00 

50                            

49.00 

50                            

48.98 

50                            

48.90 

Average,  50                    0.12607 

48.95                          48.97 

The  thiosulfate  solution  was  kept 

.  in  a  dark  bottle,  provided  with  a  soda  lime 

calcium  chloride  tube.    In  «  shaded  place,  and  at  room  temperatures  the  solution 
changed  its  strength,  but  slowly,  as  the  following  table  shows: 

Dates,  March        11  12  13  14  15  16  17 

Factor 0.9972    0.9969    0.9965    0.9959    0.9953    0-9943    0.9925 

Even  large  amounts  of  nitric  acid,  or  of  any  other  mineral  acid  present 
in  copper  solutions,  do  not  interfere  with  the  iodometric  titrations  if 
the  acid  is  neutralized  with  alkali  and  the  copper  hydroxide  is  filtered 
off  and  redissolved  with  acetic  add  as  described  above.  This  is  shown 
below: 


Solution 
No. 

0.043WrCu(NOs)s 

taken. 

cc. 

Added  HNO3 

(cone.). 

cc. 

Titrated  by 
0.04iSrNa3S9Os. 
cc 

25 

0.0 

25.00 

25 

0.5 

25.00 

25 

I.O 

25.00 

25 

2.0 

24.99 

25 

3.0 

24.97 

25 

4.0 

25.02 

25 

50 

25.00 

Average,  25  24.997 

^  Blank  tests  on  the  reagents  were  made  from  time  to  time,  and  corrections  applied 
when  necessary. 
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Soiution 
No. 

0.04  M  Cu(NOa)a  taken. 
Factor  0.991. 
cc. 

Acid  added. 

Titrated  by 
0.04ArNa«SaOs 
P.  «  1.008. 
cc. 

2 

25 

none 

24.58 

2 

25 

none 

24  58 

2 

25 

10  cc.  HNO, 

24.56 

2 

25 

10  cc.  HNO, 

24  58 

2 

25 

10  cc.  HCl 

24 -57 

2 

25 

10  cc.  HCl 

.     24.58 

Average,  25  cc.  —  24.77,  0.04  Af  24.578  —  24.77,  0.04  N 

The  results  show  dearly  that  the  amount  aad  nature  of  the  acid  had  no 
influence  on  the  determination,  when  the  copper  was  carefully  removed 
as  a  hydroxide.  That  the  flocculent  hydrate  or  hydrogel  may  absorb 
a  small  amount  of  nitrate  is  very  probable;  but  that  the  error  of  such  an 
amount  is  small,  and  entirely  negligible,  is  apparent  from  the  results  just 
given.     The  stability*  of  the  end-point  indicates  the  same  conclusion. 

In  order  to  see  if  copper  in  the  form  of  copper  sulfide  could  be  treated 
in  the  same  manner  and  with  the  same  accuracy,  the  following  experi- 
ments were  made: 

To  25  cc.  of  0.04  M  copper  nitrate  solution  neutralized  with  alkali  in  a 
250  cc.  beaker,  2  cc.  concentrated  nitric  acid  were  added  and  diluted  to 
50-100  cc.  with  water.  After  heating  to  90^-95*^  hydrogen  sulfide  was 
passed  slowly  through  the  solution  until  the  precipitation  was  complete. 
The  solution  was  then  filtered  through  a  Gooch  crucible,  using  a  very 
fine  asbestos  mat.'  To  instu-e  complete  precipitation  the  filtrate  was 
again  treated  with  hydrogen  sulfide,  and  filtered  if  necessary.  After 
washing  the  precipitate  and  beaker  several  times  with  a  little  water,  the 
Gooch  crucible'  with  the  copper  sulfide  was  placed  back  in  the  same 
beaker  and  dissolved  with  strong  nitric  acid  or  aqua  regia.  This  was  ac- 
complished by  placing  the  beaker  on  the  steam  bath  for  2-3  hours.  After 
filtering  ofif  the  sulfur  and  asbestos  carefully  the  copper  was  precipitated 
as  described  above  and  titrated : 

Titration 

from 

contrda. 

oc. 

25  03 
25.00 
25.06 
25.05 
24.83 
24.83 

Average,  24.96  24.97 

^  The  end  point,  if  dust  from  the  air  is  excluded,  will  remain  constant  for  hours. 
■  Kober,  Am.  Ckem,  /.,  41,  430  (1909). 

*  Filter  paper  cannot  be  used,  instead  of  asbestos,  as  its  hydrolytic  products  with 
mineral  adds  prevent  the  precipitation  of  copper  hydroxide  on  neutralization. 


0.04  M  Ctt(NOa)s 
tAken. 
cc 

Titration  from 

CttSwith 

0.04  N  Na^gOs. 

cc. 

25 

24.98 

25 

24.97 

25 

25.04 

25 

25.07 

25 

24.84 

25 

24.85 
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Considering  the  number  of  manipulations  and  the  terror  of  buret 
reading,  etc.,  the  results  can  be  considered  satisfactory. 

Addendum. 

Just  before  sending  this  paper  for  publication  we  read  the  article  by 
Peters,  in  the  April  nimiber  of  This  Journal,  on  the  same  subject.  The 
difficulties  caused  by  varying  amounts  of  salts,  of  adds,  of  water,  of  ni- 
trates and  nitrites,  etc.,  are  removed  by  this  precipitation  method.  We, 
therefore,  expect  that  this  method  will,  in  all  copper  determinations,  re- 
duce the  thiosulfate  titrations  to  a  uniform  basis.  The  study  of  the  in- 
fluence of  acids,  salts,  volume,  etc.,  such  as  is  made  by  previous  investi- 
gators, is  in  our  scheme  superfluous. 

March  30,  1912. 
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On  the  Detection  of  Potassium  as  Cobaltonitrite, — In  the  last  October 
number  of  This  Journal,  33,  1566,  Leon  T.  Bowser  gives  a  new  inves- 
tigation of  the  potassium-sodium  cobaltinitrite  as  an  excellent  means  for 
the  detection  of  very  small  amounts  of  potassixim.  Though  the  exactness 
of  the  author's  statements  hardly  needs  any  confirmation,  I  will  state, 
notwithstanding,  that  from  my  own  many  years*  laboratory  practice 
the  precipitation  of  potassium  by  the  de  Koninck  reagent  is  an  excel- 
lent one  and  by  far  preferable  to  any  other  method.  Only  in  one  point 
I  cannot  agree  with  the  author.  The  author  says:  *'This  salt  ....  has 
been  known  for  fully  half  a  century,  but  it  is  only  in  the  last  f oiu*  years 
that  its  possibilities  for  determination  of  potassium  have  been  revealed 
to  the  analytical  chemist.  For  qualitative  purposes  it  had  enjoyed  some 
degree  of  usefulness,  but  that  it  possessed  some  imusually  valuable  char- 
acteristics seemed  to  have  previously  escaped  attention.'* 
.  In  fact  L.  L.  de  Koninck*  employed  the  reaction  in  mention  for  detec- 
tion of  potassium  in  the  year  1881  and  since  this  time  I  myself  have  in- 
troduced this  method  in  the  laboratory  under  my  management  and  in 
the  guides  I  have  written  for  laboratory  use.  In  other  laboratories,  in- 
deed, the  reagent  of  de  Koninck  seems  not  to  be  employed  in  such  a  de- 
gree as  it  deserves.  H.  Salkowski. 

MOnstbr  Univbrsity.  Germany. 


Note  on  the  Qualitative  Detection  of  Alkali  Bicarbonate s . — In  preparing 
sodium  carbonate  from,  sodium  bicarbonate  for  the  standardization  of 
acids,  it  is  desirable  to  have  a  means  of  ascertaining  whether  the  bicar- 
bonate is  completely  decomposed  or  not.  As  there  appears  to  be  no 
satisfactory  test  for  bicarbonates  in  the  presence  of  large  quantities  of 
normal  carbonates  given  in  the  literature,  the  following  was  devised: 

*  Z.  anal.  Chem.,  20,  390  (1881). 
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The  test  depends  first  cm  the  fact  that  alkali  bicarbonates,  on  the  addi- 
tion of  calcium  chloride,  precipitate  CaCO,  with  the  liberation  of  carbon 
dioxide,  and  second,  that  CaCO,  dissolves  somewhat  in  water  containing 
carbon  dioxide  with  the  formation  of  calcium  acid  carbonate.  If  the 
calcium  acid  carbonate  thus  formed  is  neutralized  with  ammonium 
hydroxide,  the  CaCOg  is  of  course  repredpitated. 

Dissdve  the  substance  to  be  tested  in  water,  that  has  been  previously 
boiled  to  expel  the  carbon  dioxide,  and  add  CaQ,  in  excess.  Allow  this 
to  stand  four  or  five  minutes  and  filter  off  the  CaCOg.  Then  add  a  few 
drops  of  NH4OH,  and  if  the  substance  contained  a  bicarbonate,  a  precipi- 
tate of  CaCO,  is  again  obtained.  With  a  large  amount  of  bicarbonate  the 
precipitation  will  take  place  in  about  one-half  a  minute,  while  with  a  very 
small  amotmt  the  time  required  may  be  eight  to  ten  minutes.  How- 
ever, with  no  bicarbonate  a  perfect  blank  is  obtained  even  after  long 
standing. 

This  test  will  detect  0.1%  of  NaHCO,  in  a  normal  sodium  carbonate. 
The  presence  of  ammonium  salts  vitiates  the  results  on  account  of  the 
solubility  of  CaCO,  in  such  solutions.  R.  T.  Haslam. 


tY^^ 


An  Auiomatic  Fitter. — ^The  apparatus  as  shown  in  the  accompanying 
cut  has  been  constructed  by  the  writer  in  the  Harvard  Laboratory.  It 
has  been  found  to  operate  very  satisfactorily  in  the  filtration  of  the 
silver  haloids  through  a  Munroe-Gooch  crucible. 

The  apparatus  consists  of  a  wooden  framework  to  hold  the  bottles, 
which  is  suspended  by  a  rigid  arm  (A)  three  feet  long  from  a  horizontal 
beam  by  a  bolt  in  such  a  way  as 
to  allow  the  apparatus  to  swing 
with  freedom.  The  suction  flasks 
are  held  in  position  by  straps  to 
the  bottom  boards.  The  pre- 
cipitation flasks  are  suspended 
by  wires  at  the  necks  so  that 
the  lips  of  the  flask  sit  well  into 
the  crucibles,  and  are  kept  in 
position  at  the  sides  by  stout 
brass  rods.  The  rods  are  so  ar- 
ranged that  they  easily  imhook 
and  are  loose  enough  to  admit  of 
easy  rotation  of  the  precipitation 
flasks.  The  framework  contain- 
ing the  bottles  is  held  in  position 
at  either  end  by  strong  flexible 
wire,  one  piece  (C)  leading  over 
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a  pulley  to  a  heavy  weight,  the  other  from  the  front  (B)  over  a  pulley 
to  a  drum  which  is  attached  to  the  works  of  a  clock,  the  length  of  whose 
pendulum  bob  is  easily  adjusted  to  give  a  large  variation  of  speed  of 
dnun.  Qamps  of  the  window  sash  style  have  at  each  point  of  attach- 
ment been  used  to  hold  the  ends  of  the  wires. 

In  operation  the  framework  is  first  swung  to  the  side  nearest  the  <dock 
so  that  the  precipitation  flasks  are  held  in  an  upright  position  and  a 
slight  adjustment  of  the  wire  at  B  will  start  the  liquid  filtering.  If 
the  dock  be  then  started  and  the  pendulum  regulated,  the  apparatus 
may  be  safely  left,  the  final  position  of  the  fiask  bdng  such  as  to  drain 
it  completely. 

To  wash  the  precipitate,  the  apparatus  is  swung  to  the  middle  position 
and  the  wash  water  added,  the  flask  shaken  and  the  liquid  filtered  oflF 
in  the  same  mamier  as  already  described. 

To  transfer  the  precipitates,  the  crucibles  and  mouths  of  the  precipi- 
tation flasks  are  lowered,  the  framework  is  hooked  back  so  that  the  flasks 
incline  sharply  to  the  crucible.  The  precipitate  may  be  then  washed 
out  easily  and  completely. 

The  apparatus  is  believed  to  have  the  following  advantages:  (i)  less 
dust  would  fall  into  the  analyses;  (2)  an  especially  tiresome  delay  of  time 
avoided;  (3)  less  possibility  of  the  spilling  or  the  overflowing  of  the  cru- 
cible while  filtering;  and  (4)  two  or  more  filtrations  may  be  conducted 
simultaneously.  C.  C.  Wallace. 

Cambrxdob,  Mass. 


THE  OIL  OF  THE  SOUTHERN  CYPRESS.^ 

By  Allan  P.  Odelu 
Received  March  20,  1912. 

The  cones  of  the  southern  cjrpress  (Taxodium  distichum,  Rich.)  contain 
considerable  quantities  of  a  volatil  oil,  to  which  the  odor  of  the  C3^ress 
is  in  part  due.  It  is  in  the  fall,  when  these  cones  are  maturing,  that  the 
aroma  of  the  tree  is  most  prominent  in  the  swamps. 

The  work  upon  the  oil  from  the  cones  was  undertaken  with  the  view 
of  obtaining  in  larger  quantities  the  peculiar  aldehyde  compotmd  which 
was  found  in  the  resin  from  the  wood.^ 

The  difficulties  attendant  upon  the  distillation  of  the  resin,  which  was 
obtained  by  extraction,  were  so  numerous  that  this  method  of  getting  the 
aldehyde  was  discarded  as  unprofitable.  The  yield,  also,  was  so  small 
that  definit  assurance  of  its  purity  could  not  be  had. 

The  cones  were  gathered  at  various  periods  from  September  to  De- 
cember, and  each  lot  distilled  by  steam  separately.    The  cones  collected 

*  Read  before  the  New  Orleans  Section,  March  15,  1912. 

•  This  Journal,  33,  755. 
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in  September  yielded  about  1%  of  a  yellowish  green  oil,  smelling  strongly 
of  pinene.  Those  collected  later  in  the  year  yielded  from  i}4-2%  of  oil, 
which  was  of  a  darker  color  and  had  a  marked  dtron-like  odor. 

The  specific  gravity  of  the  oils  varied  from  0.86  for  the  oils  first  distilled 
to  0.850  for  the  oil  last  distilled.  The  rotation  also  varied  from  + 18.0** 
for  the  first  oil  to  +35.5®  for  the  last  oil  (100  mm.  tubes). 

Saponification  by  alcoholic  potash  gave  evidence  of  a  very  slight  ester 
content.    The  acetyl  saponification  gave  an  average  alcohol  content  of 

2.5%. 
About  300  grams  of  the  oil  were  fractionated,  at  first  in  a  vacuum, 

but  the  refractionations  were  conducted  under  atmospheric  pressure, 
as  none  of  the  several  fractions  seemed  to  suffer  decomposition  by  this 
treatment.  About  85%  of  the  oil  distilled  between  155-160°  at  atmos- 
pheric pressure.  Repeated  fractionations  of  this  portion  gave  a  fairly 
pure  specimen  of  pinene,  the  proof  for  which  is  based  on  the  following: 
d^*  0.8616;  n^  1.4655;  [a]Jf  =  +30.8;  b.  p.,  156-157®;  nitrosochloride, 
m.  p.  103°. 

About  5%  of  the  oil  distilled  from  175-180®,  and  after  purification 
by  refractionation,  showed  properties  which  would  identify  this  fraction 
as  limonene:  d^*  0.8567;  n^  14742;  [a]g^  =  +98.3  (in  ether);  tetra- 
bromide,  m.  p.  104®;  nitrosochloride,  m.  p.  105®. 

A  small  fraction  was  obtained  distilling  from  210-220®.  This  was 
the  alcohol  fraction,  as  was  determined  by  the  acetyl  saponification 
process  and  by  the  readiness  with  which  it  evolved  hydrogen  when  added 
to  sodium  in  anhydrous  ether.  As  the  fraction  was  small,  no  particular 
attempt  was  made  to  identify  the  alcohol  positively.  When  added  to 
Beckmann's  chromic  acid  reagent,  there  was  immediately  precipitated 
a  copious,  brown,  fiocculent  mass.  Semmler  has  given  this  test^  as  one 
which  may  be  used  to  differentiate  between  true  and  pseudo  terpene 
alcohols,  and  the  only  pseudo  alcohol  which  corresponds  with  this  one 
is  sabinol.  The  constants  obtained  for  this  fraction  are:  d^®  0.9430; 
n^  1. 488 1 ;  dextro  rotatory  in  ethereal  solution. 

The  portion  of  the  oil  distilling  between  220-235®  seemed  to  be  a  mix- 
ture of  the  alcohol  and  a  ketone,  so  that  the  amotmt  of  the  latter  present 
in  the  oil  could  not  be  ascertained,  but  it  was  apparently  present  in  larger 
quantity  than  the  alcohol. 

This  ketone  in  glacial  acetic  acid  solution  gave  a  semicarbazone  readily 
when  the  semicarbazine  hydrochloride  (in  acetic  acid  solution)  was  added 
to  it.  This  product  showed  a  sharp  melting  point  of  162-163®.  A  good 
yield  of  the  oxime  could  not  be  obtained. 

The  ketone  was  regenerated  from  3  grams  of  the  semicarbazone  by 
warming  with  dilute  sulfuric  acid,   and  the  mixtture  extracted.    The 

*  Ber.,  34,  708. 


826  P.    B.   HAWK. 

residue  obtained  by  evaporation  of  the  solvent  had  the  following  constants: 
d|^  0.960;  n^  1.500,  which  approximate^  the  constants  found  for  carvone. 

A  sesquiterpene  was  found  in  the  fraction  distilling  from  260-275® 
and  seemed  to  be  identical  with  the  sesquiterpene  found  in  the  wood/ 
though  in  a  state  of  greater  purity.  It  gave  the  same  color  reaction  with 
sulfuric  add  in  acetic  acid  solution,  and  the  same  amorphous  yellow  mass 
on  treatment  with  nitric  add.  The  constants  for  this  are:  d^^  0.9335; 
ng^  1.5039;  dextro  rotatory.  These,  whUe  differing  from  the  constants 
for  the  sesquiterpene  found  in  the  wood,  are  in  accordance  with  those 
for  a  tricyclic  sesquiterpene  possessing  a  single  double  bond. 

There  was  a  fraction  between  the  pinene  and  the  limonene  fractions 
which  gave  the  brown  flakes  with  Beckmaxm's  chromic  add  reagent, 
indicating  the  presence  of  a  pseudo  terpene,  but  no  effort  was  made  to 
place  this  body  definitly,  as  this  investigation  was  commenced  in  order 
to  find  the  aldehyde  previously  found  in  the  wood,  and  in  this,  the  in- 
vestigation was  not  successful. 

A  preliminary  examination  of  the  oil  from  the  C3rpress  leaves  shows 
this  oil  to  differ  widely  from  the  cone  oil,  and  the  investigation  of  the  leaf- 
oil  will  be  imdertaken  in  the  near  future. 

Summary. 

The  oil  from  the  southern  cypress  approximates  the  following  compo- 
sition: Dextro  pinene,  85%;  dextro  limonene,  5%;  a  pseudo  terpene 
alcohol  (sabinol?),  2%;  carvone,  3%;  a  tricyclic  sesquiterpene,  3%; 
the  remainder  composed  of  substances  boiling  above  275®. 

No  aldehydes  were  found  in  the  oil. 

LounxANA  STATB  UNiyXUBTY, 
Baton  Rouob,  La. 


[Contribution  prom  thb  I«aboratory  of  Physiological  Chemistry  of  thb  Uni- 
versity OF  Illinois.] 

FASTING  STUDIES.    X.    A  NOTE  ON  A  6LYC0GEN-FREE  LIVER. 

By  p.  B.  Hawk. 
Received  March  27.  1912. 

The  presence  of  sugar  in  the  liver  was  first  noted  by  Claude  Bernard,' 
who  later  demonstrated  that  glycogen  was  the  source  of  the  sugar.* 
From  that  day  to  the  present  time  the  nutritional  relationships  of  this, 
polysaccharide  have  been  the  subject  of  a  very  large  number  of  investi- 
gations.^ The  result  has  been  that  the  origin  and  function  of  glycogen 
in  the  animal  organism  are  now  thoroughly  tmderstood. 

^  Loc,  cit. 

*  Bernard  and  Barreswil,  Compi,  rend,,  27,  514  (1848). 
'  Bernard,  Gaz.  Midicale,  March  28th,  1857. 

*  For  excellent  reviews  of  the  literature  see  Pflfiger's  "Das  Glykogen/'  Bonn,  1905, 
and  Cremer's  review  in  Ergehnisse  der  Physiologie,  i,  803  (1902). 
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It  was  early  noted  that  the  glycogen  store  of  the  liver  and  that  of  most 
of  the  other  organs  and  tissues  was  lowered  during  fasting.  The  heart, 
however,  has  been  shown  to  retain  its  glycogen  content  unaltered  during 
a  period  of  fasting  long  enough  to  decrease  the  glycogen  store  of  the 
muscles,  for  example,  to  4-10%  of  the  normal.  It  was  concluded  on  the 
basis  of  early  experiments  that  the  liver  of  an  animal  could  be  rendered 
**  glycogen-free "  provided  the  animal  in  question  were  subjected  to  a 
suflSciently  protracted  period  of  inanition.  Later  experiments  cast  doubt 
upon  this  finding  and  at  present  scientific  workers  quite  generally  hold 
to  the  belief  that  it  is  impossible  to  render  the  liver  "glycogen-free"  by 
means  of  the  fasting  procediu'e.  In  this  connection  Pfiiiger^  has  shown 
that  glycogen  could  be  demonstrated  in  the  liver  of  a  dog  after  the  animal 
had  fasted  seventy-three  days.  In  certain  recently  published  tests 
from  oiu:  laboratory  on  postanesthetic  glycosuria,'  data  were  obtained 
which  were  interpreted  as  indicating  the  gradual  depletion  of  the  glyco- 
gen store  under  the  mfluence  of  fasting.  It  was  there  shown  that  fasting 
dogs  gave  evidence  of  a  progressively  decreasing  glycosuria  following 
their  anesthetization  by  ether  at  intervals  during  the  progress  of  a  fast. 

It  is  believed  that  the  glycogen  store  of  the  animal  body  is  made  up  in 
large  part  from  the  transformation  of  ingested  carbohydrates  but  that 
there  is  nevertheless  an  actual  formation  continually  of  small  quanti- 
ties of  glycogen  within  the  body  of  the  animal.  On  this  basis,  therefore, 
the  hypothesis,  that  it  is  impossible  to  cause  the  liver  of  a  living  animal 
to  give  a  negative  test  for  glycogen,  appears  logical.  The  study  of  the 
nutritional  relationship  of  glycogen  has  been  given  considerable  stimulus 
through  the  admirable  respiration  experiments  made  by  Benedict*  and 
collaborators  in  which  the  actual  course  of  the  glycogen  combustion 
was  carefully  followed. 

In  connection  with  one  of  our  fasting  studies,  we  had  the  opportunity 
of  examining  the  liver  of  ''Oscar,"  our  fasting  dog,  an  animal  which  holds 
the  distinction  of  having  fasted  for  periods  of  one  hundred  and  seventeen* 
and  one  hundred  and  foiu"  days,*  respectively.  The  possibility  of  finding 
no  glycogen  present  in  the  liver  of  this  animal  had  not  suggested  itself 
to  us.  We  knew  that  the  glycogen  reserve  would  be  depleted  in  a  most 
pronoimced  manner  because  of  the  great  length  of  the  fast  (104  days) 
and  we  considered  that  a  quantitative  determination  of  the  glycogen 
in  this  liver  would  give  us  some  basis  for  concluding  as  to  the  lower  limit 

r 

*  Pflflger,  Arch.  ges.  Physiol.,  119,  119  (1907). 

*  Hawk,  Arch.  Int.  Med.,  8,  39  (19 11). 

»  Benedict,  Carnegie  Publication  No.  77. 

*  Howe,  Mattill  and  Hawk,  /.  Biol.  Chem.,  11,  103  (1912). 

'  Howe  and  Hawk  reported  before  Am.  Physiol.  Soc.,  Baltimore,  1911;  proceedings. 
Am,  /.  Physiol.,  191 2. 
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for  the  glycogen  reserve  as  influenced  by  fasting.  Pfliiger's  method* 
for  the  quantitative  determination  of  glycogen  was  employed.  No  gly- 
cogen was  present,  A  portion  of  muscle  subjected  to  the  same  method 
also  yielded  negative  results. 

To  our  mind,  the  unusual  length  of  the  fast  is  associated  in  a  very  im- 
portant manner  with  the  finding  of  a  *'glycogen-free**  liver.  May  it  not 
be  possible  that  the  nutritional  regime  of  a  dog  hardy  enough  to  with- 
stand a  fast  of  loo  days  will  become  so  altered  during  the  closing  days 
of  such  a  test  as  to  render  the  organs  and  tissues  glycogen-free?  The 
dog  was  also  a  very  active  animal  and  delighted  to  jump  in  and  out  of 
his  cage,'  and,  therefore,  inasmuch  as  muscular  work  will  increase  the 
glycogen  consumption  it  is  possible  that  this  factor  had  some  slight 
influence  upon  the  final  result.  It  should  also  be  borne  in  mind  that 
Oscar  was  a  "repeated"  faster.  It  is  possible  that  the  liver  of  a  "re- 
peated faster"  subjected  to  fasts  of  a  very  prolonged  nature  may  be  ren- 
dered glycogen-free,  whereas  glycogen  will  remain  present  in  the  liver 
of  an  "initial  faster"  through  a  single  protracted  fast. 
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I.  Introduction. 

Very  little  is  known  at  the  present  time  of  the  chemical  nattu*e  of  lipase. 
Differences  in  the  substances  which  occur  in  lipase  preparations  obtained 
from  animal  or  vegetable  sotu-ces  greatly  complicate  the  investigation 
into  the  identity  of  their  active  constituents.  It  is  therefore  preferable 
to  speak  with  Loevenhart*  of  the  hydrolytic  action  of  enzymes  as  a  definit 
property  without  assuming  that  this  property  is  limited  to  a  single  sub- 
stance or  group  of  substances,  tmtil  more  chemical  evidence  of  the  nature 
of  these  substances  is  obtained.  Loevenhart,  in  the  paper  referred  to, 
discussed  in  detail  the  question  *'  Are  the  animal  enzymes  concerned  in  the 
hydrolysis  of  various  esters  identical^  and  concluded  tentatively  that 
while  the  action  of  the  liver  and  the  pancreas  is  probably  to  be  attributed 
to  a  different  single  enzyme  in  each  of  these  tissues,  the  variations  in  the 
actions  on  different  esters  by  each  enzyme  are  due  to  variations  in  the 

*  Pfluger,  Loc.  cit, 

•  Howe,  Mattill  and  Hawk,  Loc.  cit. 
»  J.  Biol,  Chem.,  2,  427  (1907). 
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admixture  of  substances  in  the  extracts.  A.  E.  Taylor^  considers  that 
"the  question  of  the  identity  of  the  animal  and  vegetable  ferments  is  a 
vain  discussion.  Both  animal  and  vegetable  lipases  are  able  to  accelerate 
the  cleavage  of  all  the  simple  esters  of  the  monatomic  alcohols  and  of 
glycerin,  as  well  as  of  many  S3mthetic  esters." 

A  number  of  conclusions  of  other  workers  in  these  fields  might  be 
quoted,  but  as  these  are  to  be  found  summarized  in  suitable  text-books, 
only  some  of  the  chemical  evidence  of  the  nature  of  lipase  will  be  men- 
tioned. .The  activity  of  the  castor  bean  lipase  is  destroyed  by  pepsin  or 
trypsin.  While  the  activity  is  not  destroyed  by  dry  heating  to  100*^, 
it  is  lost  in  aqueous  solution  or  suspension  even  at  65*^.'  The  loss  of 
activity  by  heating  in  aqueous  solution  is  characteristic  of  both  animal 
and  vegetable  lipases.  The  as3rmmetric  hydrolysis  of  esters  by  lipase 
preparations  has  been  described  a  number  of  times.*  The  acceleration 
of  lipolytic  action  by  various  substances,  more  or  less  specific  for  a  lipase 
from  a  definit  source,  may  for  the  present  at  any  rate,  be  considered  to 
be  of  secondary  importance  even  though  the  acceleration  due  to  these 
substances,  the  coferments,  is  in  some  cases  of  imusual  and  tmexpected 
magnitude. 

From  the  chemical  evidence  which  has  been  quoted  and  from  a  study 
of  the  literature  of  lipase  action,  it  seems  reasonable  to  suggest  as  a  tenta- 
tive hypothesis  that  the  hydrolytic  action  of  lipase  is  due  to  an  optically- 
active  substance  of  protein  character,  readily  hydrolyzed  in  aqueous 
solution  to  form  lipolytically  inactive  substances.  The  characteristic 
groups  of  protein  substances  are  the  amino  and  carboxyl  groups,  free  or 
combined  in  some  manner.  The  possible  hydrolytic  actions  of  a  few  of 
the  simpler  amino  acids  and  polypeptides  were  therefore  studied. 

2.  Experimental  Method. 

The  quantity  of  acid  produced  when  methyl  acetate,  ethyl  butyrate, 
and  olive  oil  were  dissolved  or  suspended  in  aqueous  solutions  contain- 
ing glycine,  alanine,  phenylalanine,  leucine,  glycylglycine,  leucylglycine, 
glycylleudne,  diglycylglycine,  aspartic  acid  and  glutamic  acid  at  38^, 
was  determined.  The  esters  were  neutral  or  very  slightly  acid  in  reaction 
initially  (less  than  o.i  cc.  of  o.i  iV  alkali  was  required  to  neutralize  i  cc. 
ester  in  the  extreme  cases),  and  corrections  were  introduced  for  the 
amounts  of  acid  formed  from  these  alone  in  aqueous  solution.  Some 
of  the  amino  acids  were  obtained  from  Kahlbaum;  the  rest  of  these,  as 

*  /.  Biol.  Chem.,  3,  87  (1906). 

*  Taylor,  Loc.  cit, 

*  Dakin,  /.  Physiol.,  30, 84  (1903) ;  32, 199  (1905).  Mayer,  Biochem.  Z.,  i,  39  (1906). 
Warburg,  Z.  physiol.  Chem.,  48,  205  (1906).  Neuberg  and  Rosenberg,  Biochem.  Z., 
7,  191  (1907). 
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well  as  the  polypeptides,  from  the  stock  prepared  at  different  times  in  the 
Harriman  Research  Laboratory.^ 

Three  sets  of  meastirements  were  necessary  for  each  experiment:  with 
solutions  containing  amino  acid  or  polypeptide  alone  and  ester  alone, 
and  with  the  mixture  containing  both.  The  formol  method  for  which 
the  details  and  necessary  precautions  were  given  by  Sorensen'  was  used 
for  the  estimation  of  the  amino  acids  and  polypeptides;  namely,  the 
addition  of  neutralized  formaldehyde  solution  to  mask  the  action  of  the 
amino  group  and  subsequent  titration  with  alkali.  A  few  modifications 
were  introduced  for  the  present  work.  Sorensen  recommended  0.2  N 
alkali  for  the  titrations,  but  because  of  the  small  increase  in  acidity  due 
to  any  hydrolysis  of  ester  taking  place,  the  strength  of  the  solutions  of 
sodium  hydroxide  used  was  in  the  neighborhood  of  o.i  N,  Sorensen  also 
recommends  titrating  to  a  definit  red  color  with  phenolphthalein  as 
indicator.  Partly  on  accoimt  of  the  presence  of  ester  in  the  solutions, 
most  of  the  measturements  to  be  described  were  made  using  the  first 
distinct  pink  color  as  end  point.  As  it  was  desired  to  know  the  amount 
of  alkali  used  by  the  amino  acid  or  pol3rpeptide  in  the  solutions  alone  or  in 
the  presence  of  alkali  by  titrating  both  sets  in  the  same  way,  comparable 
results  were  obtained  without  considering  necessarily  the  question  of  the 
quantitative  equivalence  of  carboxyl  groups  present  and  sodium  hy- 
droxide used.  In  some  cases  the  addition  of  neutralized  ethyl  alcohol 
to  the  solutions  before  titration  gave  a  more  satisfactory  end  point. 
In  some  experiments,  the  titrations  were  carried  to  the  definit  red  color, 
as  recommended  by  Sorensen.  Attention  will  be  called  to  the  experi- 
ments in  which  these  different  methods  were  used  in  connection  with  the 
tabulated  results. 

The  method  of  carrying  out  an  experiment  may  be  outlined  briefly 
with  glycine  as  example.  Amounts  of  glycine,  weighing  in  the  neighbor- 
hood of  0.1  gram  each,  were  placed  in  eight  flasks,  25  cc.  water  added 
to  each,  and  i  cc.  methyl  acetate  each  to  two  of  them,  i  cc.  ethyl  but3rrate 
to  two,  and  i  cc.  olive  oil  to  two.  Six  blanks  were  made  up  each  con- 
taining I  cc.  ester  (two  of  each  ester)  and  25  cc.  water.  The  fourteen 
flasks  were  placed  in  the  thermostat  at  38**  for  24  hotirs  and  then  taken 
out  and  the  amount  of  acid  present  determined  by  the  formol  method  as 
follows:  Five  cc.  of  40%  formaldehyde  solution,  neutralized  with  a 
sodium  hydroxide  solution  approximately  o.i  A^  with  5  drops  of  a  1% 
phenolphthalein  solution  in  95%  ethyl  alcohol  as  indicator,  were  added  to 
each  solution  containing  glycine,  and  the  acid  present  titrated  with  the 
soditun  hydroxide,  using  the  first  distinct  pink  color  as  the  end  pdint. 

I  Thanks  are  due  to  Mr.  P.  A.  Kober  and  the  late  Dr.  A.  H.  Koelker  for  having 
prepared  and  purified  these  substances. 
■  Biochem.  Z.,  7,  45  (1907). 
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From  the  amounts  of  alkali  used  for  the  glycine  solutions  alone,  and  for 
the  ester  solutions  alone,  the  amoimts  used  by  the  glycine  and  ester  in  the 
mixtures  were  calculated  and  the  differences  between  these  and  the  quan- 
tities actually  used  in  the  experiments  (increased  by  0.04  as  explained 
later)  show  the  amotmts  of  acid  formed  from  the  esters  due  to  the  pres- 
ence of  glycine  in  aqueous  solution. 

In  all  of  the  experiments  given  in  the  following  tables  (except  for  two 
sets  with  aspartic  and  glutamic  acids,  in  which  40  cc.  of  solution  were 
used),  the  solutions  were  made  up  to  25  cc.  with  water  initially,  5-15 
cc.  of  40%  formaldehyde  solution  (neutralized)  were  used  in  carrying  out 
the  formol  method,  the  quantity  depending  upon  the  weight  of  amino 
acid  or  polypeptide  used.  Phenolphthalein  was  used  as  indicator  through- 
out. 

3.  Experimental  Results. 

The  experimental  results  are  shown  in  Tables  I-VI.  In  every  set  rf 
experiments  with  each  amino  acid  or  polypeptide,  simultaneous  ex- 
periments Were  made  with  amino  acid  or  polypeptide  in  water,  amino 
acid  or  polypeptide  and  ester  in  water,  and  ester  in  water,  and  the  amoimts 
of  ester  hydrolyzed  calculated  in  each  series.  In  presenting  the  results 
here  however,  the  data  have  been  collected  so  that  all  the  experiments 
for  each  amino  acid  and  polypeptide  alone  in  aqueous  solution  are  given 
together,  and  from  the  mean  of  these  results  the  quantity  of  alkali  re- 
quired for  the  amino  acid  or  polypeptide  in  the  experiments  with  mixtures 
calculated.  The  separate  results  for  the  ester- water  and  the  amino 
acid  (polypeptide)  ester- water  experiments  are  however  retained. 

In  Table  I,  the  results  found  in  titrating  the  amino  acids  and  poly- 
peptides by  the  formol  method  are  given.  The  first  column  indicates 
the  substance  used,  the  second  column  the  weight  of  substance  in  milli- 
grams in  each  experiment,  and  the  third  column  the  number  of  cubic 
centimeters  of  sodium  hydroxide  solution  required  to  give  a  faint  but 
distinct  pink  color  after  the  addition  of  the  neutralized  formaldehyde 
solution.  In  those  experiments  in  which  the  titration  was  carried  to  a 
red  color  as  described  by  Sorensen,  the  letter  R  is  placed  in  the  first 
column.  Where  25  cc.  of  neutralized  ethyl  alcohol  were  added  with  the 
formaldehyde  solution  before  titration  (Ale.)  was  written  in  the  first 
column.  The  letters  preceding  the  amounts  of  alkali  added  refer  to  the 
normality  of  the  sodium  hydroxide  solutions  used  in  titrating:  a  =  0.0909, 
b  =  0.1040,  c  =  o.iioo,  d  =  0.1125,  e  =»  0.1139,  /  =  0.1272.  In  the 
fotulh  column  the  quantities  of  o.i  iV  sodium  hydroxide  required  for 
I  mg.  substance  as  calculated  from  the  experimental  data  in  the  second 
and  third  columns  are  given.  These  are  then  averaged  for  each  amino 
acid  and  polypeptide  assigning  to  each  result  a  weight  proportional  to 
the  weight  of  amino  acid  taken  initially,  and  the  result  given  as  "W't'd 


832 


K.   GEORGB   FALK  AND  J.   M.   NELSON. 


mean."  From  the  weighted  mean,  the  average  deviations  of  the  separate 
values  (a.  d.)  of  each  set  of  results  was  calculated,  and  dividing  this  a.  d. 
by  the  square  root  of  the  number  of  values,  the  average  deviation  of  the 
mean^  (A.  D.)  was  obtained.  This  shows  the  accuracy  of  the  results 
obtained  in  the  different  titrations. 
Table  I. — Determination  of  Amino  Acids  and  Polypeptides  with  Alkali  by  the 


PoRMOL  Method. 
wt. 

■ubst. 
inmg. 

Glycine 78 .  i 

83.8 
91.2 

R 99.5 

99-7 
R 106.2 

II3-8 

115-1 
158.0 
161 .4 

R 169. 1 

220.7 

R 239.3 


Alanine. 


60.0 
73-8 

83-7 
92.1 

98.0 

"53 
155-2 


(Ale). 
(Ale). 
(Ale), 
(Ale). 
(Ale). 


46.7 

66.5 

91.7 

118. 4 

119.8 


R. 
R. 


58.4 
63.0 


Phenylalanine  (Ale) 41.2 

56.0 

(Ale) 57-4 

64.9 

Equal  to  1.18  times  the  "probable  error." 


Cc.  NaOH 
required. 

d    915 

d    9.82 

d  10.72 

e  11.47 

b  12.66 

e  12.25 

d  13.27 

b  14.60 

b  19.96 

d  18.88 

e  19.60 

6  27.96 

e  27.76 
W't'd  mean. 

a.  d 

A.D 

d    5.60 

d   6.88 

d    7.68 

d    8.60 

d    8.88 

d  11.65 

d  13.96 
W't'd  mean. 

a.  d 

A.D 

d   4.65 

d   6.50 

d   9.38 

b  12.98 

b  12.52 
W't'd  mean. 

a.  d 

A.D 

«    550 
e    5.92 

W't'd  mean. 
b    2^.46 
d    3.08 
b    3.42 

a    4-33 


Cc.  0.1  N 

NaOH  for 

1  mff.  subst. 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


1318 
I3I8 

1322 

1313 

1320 

I3I4 

1312 

1319 
1314 
1316 
1320 

I3I8 

132 1 
1317 

00027 
00007 

1050 
1049 

1032 
1050 
IOI9 
1046 

IOI2 

1034 

00140 

00053 

1 120 

IIOO 

II5I 
II40 
1087 

II2I 

0027 
0012 

1073 

1088 
108 1 
0606 
0619 
0620 
0606 
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Table  I  (conHnued). 


Leucine. 


Glycylglydnc. 


Leucylglycine 


(Ale.  R). 
(Ale.  R). 
(Ale.  R). 


U- 


WL 

Cc.  0.1  N 

Mibat. 

Ce.  NaOH 

NaOH  for 

inmg. 

KQUifMl. 

1  mc.  nbst 

77.2 

e    4.05 

0.0598 

89.5 

d   4.83 

0.0607 

96.9 

d    5.22 

0.0606 

107.8 

b    6.26 

0.0604 

II7.2 

a    7.96 

0.0617 

127.8 

d   6.90 

0.0607 

134.8 

d   7.26 

0.0606 

158.5 

d   8.45 

0.0600 

191. 1 

a  12.77 

0.0607 

W't'd  mean. . . 

0.0607 

a.d 

0.00045 

A.D 

0.00012 

51.0 

d   3.43 

0.0757 

66.9 

d   4.55 

0.0765 

78.9 

d    5.30 

0.0756 

90.7 

b    6.76 

0.0775 

94.7 

d   6.40 

0.0760 

97.8 

d   6.59 

0.0758 

99.0 

d   6.54 

0.0743 

102.9 

b    7.52 

0.0760 

130.0 

d   8.58 

0.0743 

131. 4 

^    9.54 

0.0755 

158.0 

c  10.76 

0.0749 

W't'd  mean. . . 

0.0755 

a.d 

0.00069 

A.D 

0.00021 

50.4 

d   3-34 

0.0746 

54-5 

d   3.59 

0.0741 

61.3 

*    4.30 

0.0730 

89.2 

<*    5.94 

0.0749 

99.9 

d   6.65 

0.0749 

131. 3 

(<    8.68 

0.0744 

Wrdmean... 

0.0744 

a.  d 

0.00048 

A.D 

0. 00020 

i<M.3 

c    5.10 

0.0538 

119. 8 

/    5.02 

0.0533 

152.7 

/    6.38 

0.0531 

156.7 

c    7.62 

0.0535 

WYd  mean. . . 

0.0534 

a.d 

0.00023 

A.D 

O.OOOIl 

109.0 

«    4.83 

0.0505 

130.4 

*    5.92 

0.0517 

215.3 

«    9.77 

0.0517 

W't'd  mean. . . 

0.0514 

a.  d 

0.00050 

A.D 

0.00029 

834  K.   GEORGE  FALK  AND  J.   M.   NELSON. 

Tablb  I  (continued). 

Wt.                                          .  CcO.li^ 

nilMt.             Cc.  NaOH  NaOH  for 
Sobatance.                                                       inxnv.              required.             I  mg.  anbst. 

R "4*7             «     5-32  0.0528 

R 120.7             «    5-54  0.0523 

R 138.5             e    6.40  0.0526 

W't'd  mean. . .  o .  0526 

a.  d 0.00017 

A.  D o.oooio 

Glycylleucine  (Ak.  R) 51.8            e    2.40  0.0528 

(Ale.  R) 79.8            €    3.62  0.0517 

87.8            c    4.22  0.0529 

(Ale.) 89.3            c    4.25  0.0524 

112. 7            c    5.38  0.0525 

(Ale.  R)... 120.2             e    5.65  0.0535 

W't'd  mean. . .  0.0527 

a.  d 0.00043 

A.  D 0.00018 

Diglycylglycine  R 94.5            e    4.22  0.0509 

R 97 -o            e    4.34  0.0510 

R 117-3            «    536  0.0520 

124.5            ^    5-73  0.0506 

R 130.9            €    5.98  0.0520 

R 132.8            e    6.00  0.0515 

141 -5            /    5-71  0.0513 

154.0  c  7.22  0.0516 
193-2  c  9.04  0.0515 
194.9            /    7-92  0.0517 

W't'd  mean. . .  o .  05 15 

a.d 0.00035 

A.  D 0.00014 

Aspartic  add 70.6            c    8.92  0.1390 

133.5            <^  16.82  0.1386 

195. 1  <?  24.33  0.1372 
W't'd  msan. . .  o .  1380 

R 125.3            «  15-89  0.1444 

R 144-9            e  18.39  0.1446 

W*t*d  mean. . .  o .  1445 

Glutamic  acid 175-2            c  20. 10  o.  1262 

212.7            c  24.30  0.1257 

249.4            ^  28.48  0.1256 

Wt'd  mean. . .  0.1 258 

R 127.4            e  14.85  0.1328 

R 178.3            c  21.04  0.1344 

W't'd  mean. . .  o.  1337 

The  results  shown  in  detail  in  Table  I  are  summarized  in  Table  II. 
The  first  column  shows  the  substance  used ;  the  second  column  the  ntmiber 

of  cc.  0.1  N  sodium  hydroxide  solution  required  for  i  mg.  substance  as 

given  by  the  weighted  means  of  Table  II  and  the  average  deviations  of 

these  means  (A.  D.)-     The  third  column  shows  the  number  of  cc.  of  o.i  iV 
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soditun  hydroxide  solution  which  i  mg.  of  the  substance  would  require 
theoretically;  the  fourth  column  the  amount  of  alkali  used  as  percentage 
of  the  theoretical  amount.  In  the  fifth  column  the  results  found  by 
Sorensen  are  given,  those  marked  R  referring  to  a  strong  red  color  as 
end  point,  the  others  to  a  distinct  red  color.  The  results  of  Table  I  and 
column  2  of  Table  II  show  that  no  difference  is  obtained  in  titrating  to  differ- 
ent end  points  and  correcting  these  in  the  usual  way,  with  glycine  (agree- 
ing with  Sorensen's  results),  glycylleucine,  and  diglycylglycine.  With  the 
other  substances  where  different  end  points  were  used  or  where  alcohol 
was  added,  different  results  were  obtained,  constant  for  any  one  method. 
In  using  these  values  in  the  subsequent  tables,  therefore,  it  is  necessary 
in  order  to  calculate  the  amount  of  alkali  required  for  the  amino  add 
taken,  to  use  the  standard  corresponding  to  the  method  used  in  the  solu- 
tion titrated.  As  the  conditions  for  the  experiments  are  the  same  in  the 
blanks  (in  Tables  I  and  II)  and  when  ester  was  present  (in  Tables  III- 
VI)  no  error  is  introduced  in  this  procedure. 

Table  II. — Summary  of  Results  of  the  Detb^mination  of  Amino  Acros  and 

POLYPEPTIDBS  WITH  ALKALI  BY  THB  FORMOL  MEVHOD. 


Cc.  0.1  N  NaOH 
for  1  niff  tubst. 
Sttbctanoe.  Pound. 

Glydne 0.1317^0.00007 

Alanine o.  ip34±o.ooo53 

(Ale.) O.II2li:O.00ia 

R 0.1081 

Phenylalanine 0.0607  db  0.00013 


Cc0.1^ 


Leucine 0.0755^0.00021 


Glycylglydne o .  0744  ±0 .  00020 

Leucylglydne o  .0534  ±0 .0001 1 

R 0.0526^0.00010 

(Ale.  R) 0.0514^0.00029 

Glycylleucine 0.0527  ±0.00018 

Diglycylglycine 0.0515^0.00014 

Aspartic  acid o.  1380 

R 0.1445 

Glutamic  acid o.  1258 

R 01337 

Although  this  work  was  not  done  with  the  intention  of  studying  the 
formol  method,  the  results  in  column  4  may  be  of  interest  in  this  connec- 
tion. These  results  are  obtained  using  the  first  faint  but  distinct  pink 
or  strong  red  (marked  R)  colors  as  end  points.  With  glycine,  glycyl- 
leucine, and  diglycylglycine,  for  which  the  end  point  used  exerted  no 
apparent  influence,  the  amount  of  alkali  used  varied  from  97.4-98.9% 
of  the  calculated  quantity.     For  the  substances  which  showed  differences 


NaOHfor 

1  mg .  Mibtt. 

Calc. 

NaOH  f'd. 

NaOH  calc. 
X  100. 

SoraiacB. 

0.1332 

98.9 

98.5 

O.1124 

92.0 

93-5 

« 

99.7 

•   • 

a 

96.2 

98.0  R 

0.0606 

100.2 

97.5 

u 

«    •   ■ 

99.5  R 

0.0763 

99.0 

95.0 

a 

■   •   • 

97.0  R 

0.0757 

98.3 

97-99 

0.0532 

100.4 

■  •   • 

tt 

99.0 

•  •  * 

u 

96.6 

•  •  • 

0.0532 

99.1 

•  •  • 

0.0529 

97-4 

•   •  ■ 

0.1503 

91.8 

9^.5 

« 

96.1 

97.5  R 

0.1360 

92.5 

99.0 

a 

983 

99.5  R 
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depending  upon  the  end  point,  results  more  nearly  approaching  the 
theoretical  were  obtained  by  using  a  deeper  red  color  as  pointed  out  by 
S5rensen.  The  results  for  leucylglycine,  glycyUeucine,  and  diglycyl- 
glycine,  which  were  not  included  in  Sorensen's  article,  approach  closely 
to  the  theoretical.  For  the  rest,  there  is  on  the  whole  a  satisfactory 
agreement  between  the  results  obtained  here  and  those  given  by  Sdrensen. 

The  experimental  results  obtained  from  amino  acid  and  polypeptide 
and  ester  in  aqueous  solution  with  the  production  of  add  are  given  in 
Tables  III,  IV,  and  V.  In  these  tables  column  i  indicates  the  amino 
acid  or  polypeptide  used;  column  2,  its  weight  in  milligrams  in  the  ex- 
periment; column  3,  the  time  in  hours  for  which  the  experiment  was 
allowed  to  run  at  38^;  column  4,  the  normality  of  the  sodium  hydroxide 
solution  used  in  titrating  as  indicated  by  the  letter  (see  above),  and  the 
number  of  cubic  centimeters  of  this  solution  required  in  titrating  by  the 
formol  method  by  the  substance-ester  solution  at  the  end  of  the  experi- 
ment; column  5,  the  amount  of  alkali  required  by  the  ester- water  mixtiu'es 
tmder  the  same  conditions  (practically  the  same  results  were  obtained 
here  whether  neutralized  formaldehyde  solution  was  added  or  not); 
column  6,  the  number  of  cubic  centimeters  of  alkali  required  for  the 
amino  acid  or  polypeptide  calculated  from  the  standards  from  Table  II. 
Column  7  contains  the  amount  of  acid  produced  in  each  experiment  in 
terms  of  the  normality  of  the  sodium  hydroxide  solution  used  in  titrating 
from  the  amino  acid  or  polypeptide  and  ester  and  is  equal  to  the  result 
in  column  4  minus  the  sum  of  the  results  in  columns  5  and  6,  plus  0.04. 
The  end  point  was  produced  twice  in  the  blank  experiments  (columns 
5  and  6)  and  once  in  the  mixttu'e  (column  4) ,  and  since  it  was  found  that 
one  drop  of  the  alkalin  solution  produced  the  necessary  color  in  titra- 
ting to  the  end  point  used,  corresponding  to  0.04  cc,  this  quantity  must 
be  added  as  indicated.  In  order  to  furnish  a  satisfactory  basis  of  com- 
parison for  each  series  of  experiments  and  to  obtain  a  mean  value,  the 
results  given  in  column  8  are  calculated.  These  show  the  number  of  cubic 
centimeters  of  o.i  AT  acid  produced  by  the  action  of  o.i  gram  of  the  sub- 
stance on  the  ester  in  question  for  24  hours.  These  standards  of  com- 
parison were  chosen  as  they  correspond  to  the  average  values  used  in  the 
separate  experiments,  and  no  great  error  was  introduced  by  assuming 
proportionality  of  action  under  these  conditions.  The  weighted  means 
of  these  results  are  also  given  for  each  series,  assigning  to  each  result  the 
weight  proportional  to  the  amotmt  of  amino  acid  or  polypeptide  used  in 
that  experiment.  The  average  deviation  of  the  separate  values  from  the 
mean  (a.  d.)  and  the  average  deviation  of  the  mean  (A.  D.)  was  calculated 
for  each  series  and  given  in  column  8. 

Twenty-five  cc.  of  water  were  used  in  each  experiment  and  i  cc.  of 
ester  unless  stated  to  the  contrary. 
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Table  III  contains  the  results  obtained  with  methyl  acetate,  Table 
rv  those  obtained  with  ethyl  butyrate,  Table  V  those  obtained  with  olive 
oil. 

Tabls  III. — ^Results  Obtained  with  Methyl  Acetate  and  Amino  Acids  and 

Polypeptides. 

Cc.  NaOH  required.  Cc.  0.1  AT 

. " ,  NaOH 

Wt.        Time     Subst.                       Calc.  for  O.I 

subat.         in         ester         Ester        for           Subst.  am.  subst. 

Substanoe.                                          in  mg.        fars.      water.       water,     subst.         ester,  for  24  hrs. 

Glycine 53.7        17    d    6.42     0.15      6.29        0.02  0.05 

60.7  24  b  7.82  0.09  7.68  0.08  0.13 
loi.o^  44  015.40  0.14  15.14  0.16  0.08 
119. o        18    615.12     0.12     15.08    — 0.04  — 0.05 

R 121. 9        23     e  14.23     0.26     14.10    — 0.09  — 0.09 

129.4  iS    ^  16.56     0.12     16.40        0.08  0.08 

134.5  17    4x595     0.15     15.75        0.09  o.io 
R 1546        23    e  18.04     0.26     17.89    — 0.07  —0.05 

W't'dmean. ..  0.02 

a.  d 0.074 

A.  D 0.026 

Alanine 52.1         19    d    5.00     0.22      4.79        0.03  0.08 

R 55.2         19    e    5.37     o.ii       5.24        0.06  0.16 

R 58.9         19    ^    5-73     0-"       5-59        007  0.17 

60.8  17     d    5.70     0.15       5.59            o  o 
92.0         17     d    8.60     0.15      8.46        0.03  0.05 

W't'd  mean. . .  o .09 

a.  d 0-057 

A.  D 0.026 

Phenylalanine 48.4         17     d    3.08     0.14      2.61        0.37  1.21 

R 61.6        25    €    3.53     0.26      3.28        0.03  0.05 

62.3        23    d    3.78     0.20      3.36        0.26  0.49 

82.7         17     d    5.02     0.14      4.46        0.46  0.88 

99.5        23    d    5.80     0.20      5.35        0.29  0.34 

101.3         18    d    6.15     0.16      5.47        0.56  0.83 

116.0        43    a  11.35     0.82       7.75        2.82  1.23 

146.3  18    d    8.76     0.16      7.89        0.75  0.77 
234.8        43    a  18.05     0.82     15.68         1.59  0.34 

W't'd  mean. . .  o .  65 

a.  d 0.328 

A.  D 0.109 

Leucine 43.2        18    d   3.08     0.14      2.90        0.08  0.28 

48.0        18    (J    3.56     0.14      3.22        0.24  0.75 

59.5        20    d   4.08     0.20      3.99    —0.07  —0.16 

63.9  20  d  4.40  0.14  4.29  o.oi  0.02 
64.9        20    d   4.35     0.20      4.36    —0.17  —0.35 

R 82.1         24    e    5.45     0.26      5.44    — 0.21  — 0.29 

84.3        20    d    5.94     0.14      5.66        0.18  0.29 

116. 4  22     c    8.05     0.22       7.99    — 0.12  — 0.12 
R 127. 1         24    e    8.36     0.26      8.43    —0.29  —0.26 

187.2         22     c  12.80     0.22     13.85    — 0.23  —0.15 

^  One-half  cc.  of  methyl  acetate  used. 
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Tabls  III    continued), 

Cc.  NaOU  required. 

Wt.        Time     Subet.  Calc 

subst.         in         ester         Ester        for  Subet. 

Substance.  inmff.       hrs.      water.        water,      subst.        ester. 

W't'd  mean. . . 

a.  d 

A.D 

Glycylglycinc 46.2         18    d    3.14     o.io      3.06        0.02 

72.7         20    d   4.98     0.16      4.81        0.05 

80.0         18    d    5.56     0.10      5.29        0.21 

III. 6        20    d    7.56     0.16      7.38        0.06 

W't'd  mean. . . 

a.  d 

A.D 

Lcucylglycine 100.6        25    c    5.00     0.22       4.88    — 0.06 

R 115-8         19    «    5-45     o'l       5-35        003 

(Ale.  R) 122.7         26    e    5.80     0.26       5.54        0.04 

(Ale.  R) 125.5        26    e    5.95     0.26      5.66        0.07 

R 138.8         19    e    6.42     o.ii       6.41     —0.06 

R 171-5         19    «    8-07     O.II       7.92         0.08 

209.9         25     c  10.20     0.22     10.19     — 0-I9 

WVd  mean. . . 

a.  d 

A.D.... 

Glycyllcucine  R. . . , 80.9        20    e    3.73     0.24      3.74    — 0.21 

R 90.9        20    e    4.20     0.24      4.21     — 0.21 

107.5        24    c    5.28     0.22      5.15    — 0.05 
118. 2         24    c    5.79     0.22       5.66    — 0.05 

W't'd  mean. . . 

a.  d 

A.D 

Diglycylglycine  R 119. 2  20  e  5.33  o.ii  5.39  — 0.13 

128.5  23  c  6.16  0.38  6.02  — 0.20 

R 129. 1  20  e  5.83.  O.II  5.84  — 0.08 

R 131 .0  20  e  6.06  0.26  5.92  — 0.08 

R 151-4  20  e  6.83  O.II  6.85  -—0.09 

193-2  23  c  9.18  0.38  9.05  — 0.21 

R 211. 9  20  e  9.78  0.26  9.58  —0.02 

W't'd  mean. . 

a.  d 

An 

Aspartic  acid 83.8        19    c  14.62     0.12     10.51        4.03 

158. 1  19  c  25.20  0.12  19.83  5.29 
20  cc.^  22  /  10.14  0.24  8.09  •  1.85 
40  cc*     21     /  19.00     0.12     16.19        2.73 

W't'd  mean. . . 

a.  d 

A.D 

*  The  amount  of  amino  acid  present  in  these  solutions  was  detennined 
tmg  a  number  of  portions;  the  mean  values  are  used  in  oolumn  6. 


CcO.l  V 
NaOH 
for  0.1 


for  24  hrs. 
-0.07 
0.254 
0.080 

0.07 
0.09 

0.39 
0.07 

0.16 

0.120 

0.060 

— 0.06 
0.04 
0.03 
0.06 
06 
0.07 
.10 
.01 
0.060 
0.023 

-36 
.32 
.05 

•05 

.17 

0.143 
0.072 

•15 
.18 

-09 
.08 

.08 

■13 
.01 

.12 

0.044 

0.017 

6.68 

4-65 

3-44 
2.66 

4.18 

1.23 

0.62 

by  titra- 
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Sttbataaca. 
Giutamic  add  R. 


TabliS  III  (continued) 

• 

• 

Cc.  NaOH  reauired. 

Cc.  0.1  N 

NaOH 

for  0.1 

sm.  subat 

for  24  tars 

Wt.        Time 
■ubst.         ia 
in  me*       fart. 

Ill 

Bater 
water. 

Calc. 

for 

•abet. 

Subat. 
ester. 

151-5           22 

e  19.84 

0.18 

17.78 

1.92 

1.58 

157.5           21 

c  20.85 

0.12 

18.02 

2.75 

2.15 

308.3           21 

c  38.40 

0.12 

35  27 

3.05 

1.25 

15  cc.»»«  44 

a  18.30 

0.14 

14.36 

3.84 

1.60 

20  CC.*       22 

a  20.30 

0.15 

19.15 

1.04 

0.65 

W't'd  mean. . . 

1.40 

a.  d. . . . 

0.40 

A.  D... 

0.18 

Tabls  IV. — ^Rbsui^ts  Obtained  with  Ethyl  Butyratb  and  Amino  Acids  and 

POLYFBPTIDES. 

Cc.  NaOH  required.  Cc.  0.1  ^ 

■ •  NaOH 

Wt.        Time      Subat.                       Calc.  for  0.1 

aubat.          in         eater         Bster         for          Subat.  gm.  aubat. 

Substance.                                         in  mg.       hrs.       water.       water,      subat.        ester,  for  24  hrs. 

Glycine 59.5        24    b    7.78     0.12      7.54        0.16  0.28 

75.1         17    d   9.06     0.04      8.79        0.27  0.57 

78.8        19    b  10.30     0.19      9.98        0.17  0.28 

loi.o'       44    015.28     0.09     15.14        0.09  0.04 

106.0  17    d  12.61     0.04     12.41        0.20  0.30 
R 1x3.0        23    e  13.24     0.08     13.07        0.13  0.14 

146. 1  19    b  19.06     0.19     18.51        0.40  0.36 
146.7        24    b  19.04     0.12     18.59        0.37  0.26 

R 212.4        23    624.91     0.08     24.57        0.30  0.17 

W't'd  mean. ..  0.25 

a.d 0.107 

A.I) 0.036 

Alanine  R 68.5        19    e    6.82     0.04      6.54        0.28  0.59 

71. 1  17    d   6.56     0.04      6.53        0.03  0.07 
R 82.6        19    e    8.49     0.04      7.84        0.65  1. 13 

118. 5        17    d  10.92     0.04    10.89        0.03  0.04 

W't'd  mean. ..  0.42 

a.d 0.405 

A.  D 0.203 

Phenylalanine 46.2        23    d   2.48     o.io      2.49    — 0.07  — 0.18 

46.2  17    d   2.76     0.16      2.49        0.15  0.52 
R 54.1        25    e    2.95     0.08      2.88        0.03  0.06 

77.6  17  d  4.48  .0.16  4.19  0.17  0.35 
89.5  43  a  6.25  0.35  5.98  —0.04  —0.02 
90.4        18    d    5.03     0.04      4.88        0.15  0.25 

90.7  18    d    5.08     0.04      4.89        0.19  0.31 

113. 2  23    d   6.10     0.10      6. II     —0.07  —0.07 
125.0        43    a    8.76     0.35      8.35        0.10  0.04 

*  One-half  cc.  of  methyl  acetate  used. 

'  The  amount  of  amino  add  present  in  these  solutions  was  dctennined  by  titrac 
ting  a  number  of  pertionfi;  the  mean  vahies  are  used  in  column  6, 

•  One-half  cc.  of  ethyl  butyrate  used. 
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Substance. 


Leucine. 


Glycylglydne. 


Leucylglycine  (Ale.  R) 

R 


R 

R 

(Ale.  R), 


Glycylleucine. 

R 

R 


Diglycylglycine  R 

R 

R 

R :. 


Tabls  IV 

{continued). 

wt. 

subst. 
in  mg. 

Time 

in 

hn. 

Cc.  NaOH  required. 

Subst.                       Calc. 
ester         Bster         for          Subst. 

Cc.  0.1  N 
NaOH 
forO.t 

ffm.  subst. 

for  24  hfs. 

W't'd  ] 

mean. . . 

0.13 

a.  d. . . 

0.192 

A.  D. . 

0.064 
0.16 

38.5 

18 

d 

2.78 

0.20 

2.58 

0.04 

44.7 

18 

d 

3.08 

0.20 

300 

— 0.16 

—0.54 

48.7 

20 

d 

324 

O.IO 

327 

— 0.09 

—0.25 

50.1 

24 

e 

3.99 

0.08 

3.32 

0.63 

1.43 

61.6 

20 

d 

4.36 

0.16 

4-13 

O.II 

0.24 

65.0 

22 

d 

4.16 

0.09 

436 

-0.25 

—0.47 

65.7 

20 

d 

4.44 

O.IO 

4.41 

— 0.03 

— 0.06 

83.0 

20 

d 

590 

0.16 

5.57 

0.21 

0.34 

95.0 

22 

d 

6.12 

0.09 

6.38 

—0.31 

—0.40 

95-6 

24 

e 

6.60 

0.08 

6.34 

0.22 

0.29 

"5-9 

22 

c 

7.94 

0.12 

7.96 

—O.IO 

—O.IO 

117. 3 

22 

c 

7.96 

0.12 

8.05 
W't'd  1 
a.  d. . . 

— 0.17 
mean. . . 

—0.17 

O.OI 

0.373 

18 

d 

3.18 

0.14 

A.  D.. 

0.108 
0.20 

45.7 

3  02 

0.06 

61.5 

18 

d 

4.20 

0.14 

4.07 

0.03 

0.07 

87.6 

20 

d 

5  96 

0.04 

5-79 

0.17 

0.26 

108.2 

20 

d 

7.25 

0.04 

7.15 
W't'd  ] 

a.  d. . . 

A.D.. 

O.IO 

mean. . . 

0.16 

0.13 

0.069 

0.034 

109.3 

26 

e 

5 -08 

0.08 

4-93 

O.II 

O.II 

109.7 

19 

e 

5-24 

0.04 

5.07 

0.17 

0.22 

"7-5 

25 

c 

5.78 

0.12 

570 

0 

0 

144.6 

25 

c 

7.12 

0.12 

7.02 

0.02 

O.OI 

161. 5 

19 

e 

7.70 

0.04 

7.46 

0.24 

0.21 

194,2 

19 

e 

9.22 

0.04 

8.97 

0.25 

0.  19 

285.3 

26 

e 

13.02 

0.08 

12.87 

O.II 

0.04 

WYd  mean. . . 

O.II 

a.  d. . . 

0.081 

A.  D.. 

0.031 

88.3 

24 

c 

4.43 

0.12 

4.23 

0.12 

0.15 

116. 6 

20 

e 

5.69 

0.09 

540 

0.24 

0.28 

121. 9 

20 

e 

5.79 

0.09 

5.64 

O.IO 

O.II 

222.8 

24 

c 

10.92 

0.12 

10.67 
W't'd : 
a.  d. . . 
A.  D.. 

0.17 
mean. . . 

0.08 
0.14 
0.058 
0.029 

96.9 

20 

e 

4.68 

0.04 

4.38 

0.30 

0.42 

no. 5 

20 

e 

5-12 

0.04 

5.00 

0.12 

0.15 

116. 1 

20 

e 

5.51 

0.04 

5.25 

0.26 

0.31 

117. 8 

20 

e 

5.65 

0.08 

5-33 

0.28 

0.33 

STUDIES  ON  ENZYME   ACTION.      II. 


841 


Tablb  IV  {contifwed). 


Cc.  NaOH  reQuired. 


Substance. 
R. 


Wt. 

SUtMt. 

inmg. 

159.4 
196.5 


Time 

in 

hrs. 

20 

23 
23 


Asi>artic  add 91.0 

97.1 

R 138.9 

R 146.4 

20  cc.* 
40  cc.* 


Glutamic  acid  R. 
R 


e 
c 
c 


Subat. 

ester 

water. 

6.23 

7.54 
9.23 


19 

19 
22 

22 

22 

21 


c  12.77 
c  13.31 
e   18.41 

«  19.34 
/  8.66 

/  16.79 


128.4 
178.0 

185.9 

247-9 
I5cc.>'«  44  a  15. II 

20  cc.*   22  a  19.40 


22  e   15.66 

22  e  21.22 

21  c  22.60 

21  c  29.90 


Eater 
water. 

0.08 
0.14 
0.14 


O.IO 
O.IO 
0.08 
0.08 
0.08 
0.09 


0.08 
0.08 
O.IO 
O.IO 

0.09 
0.08 


Cak. 

for 

sttbat. 

5.67 
7.46 

9.20 


Subst. 
eater. 

0.52 

.02 

.07 


W'fd  mean. . 

a.  d 

A.D 


11.44 
12.18 
17.62 

18.57 
8.09 

16.19 


1.27 
1.07 

0.75 
0.73 
0.53 
0-55 


W't'd  mean. 

a.  d 

A.D 


15.07 
20.89 
21.26 

28.35 
14-36 

19.15 


0.55 
0.29 

1.28 

1.49 

0.70 

0.21 


WVd  mean. . . 

a.  d 

A.D 


Cc.  0.1  A' 
NaOH 
for  0.1 

sn.  stibat. 

for  24  hrs. 

0.57 
.01 

.04 

0.21 

0.190 

0.072 

1.94 

1-53 
0.67 

0.62 

0.99 

0.54 

0.95 
0.438 

0.179 

0.53 
0.20 

0.87 

0.76 

0.29 

0.13 

0.50 
0255 

0.104 


Table  V. — Results  Obtained  with  Olivb  Oil  and  Amino  Acids  and  Poly- 


Cc.  NaOH  required. 

4   '  -  ■    111     .^ 

Wt.        Time     Subat.  Calc. 

Sttbat.         in         ester  Ester         for  Subat. 

Substance.  in  mg.       his.       water.  water,     subst.  eater. 

Glycine 333         24     b    4.36  0.04      4.22  0.14 

65.3         19     b    8.36  0.04       8.27  0.09 

69.3         17     d    8.28  0.07       8.12  0.13 

73.0  17     d    8.68  0.07       8.55  O.IO 

87.1  18  <2  10.36  0.04  10.20  0.16 
loi.o'  44  015.42  0.06  15.14  0.26 
125.5  24  616.04  0.04  15.90  0.14 
128.2         19     b  16.52  0.04     16.24  0.28 

R 131. 8         21     615.24  0.08     15.25     — 0.05 

R 138.5         21     616.38  0.08     16.02  0.32 

141. 1  18     d  16.60  0.04     16.52  0.08 

R 176.2         23     620.69  0.07     20.39  0.27 

*  The  amount  of  amino  acid  present  in  these  solutions  was  determined  by 
a  number  of  portions;  the  mean  values  are  used  in  column  6. 
'  One-half  cc.  of  ethyl  butyrate  used. 
'  One-half  cc.  olive  oil  as  emulsion  used. 


Cc.  0.1  N 
NaOH 
for  0.1 

gm.  aubat. 

tor  24  hrs. 

0.44 
0.18 
0.30 
0.22 
0.28 
0.13 
0.12 
0.29 
—0.05 
0.30 
0.09 
0.18 

titrating 
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Substance. 


Alanine  R. 
R.. 


Phenylalanine. 


Leucine. 


Glycylglycine. 


Leucylglycine  R. 
R 

(Ale.  R). . 
R 


*  One-half  cc.  olive  oil  as  emulsion  used. 


Table  V  {coniinued). 

Time 
in 

hXB. 

( 
t 

1 

Cc 

.  NaOH  required 

« 

CcO.l  N 
NaOH 

wt. 
tubst. 
inmg. 

Subst. 
ester 

irater. 

Ester 
water. 

Calc. 

for 

aubst. 

Subst. 
ester. 

for  0.1 
cm.  subst* 
fOT24far8. 

W't'd : 

mean... 

0.18 

a.  d. . . 

0.098 

19 

e 

3.39 

0.08 

A.  D.. 

0.028 

35.8* 

340 

— 0.05 

— 0.20 

58.7* 

19 

e 

5.65 

0.08 

5-57 

0.04 

O.IO 

84.3 

17 

d 

7.90 

0.07 

7.75 

0.12 

0.23 

120.5 

17 

d 

11.20 

0.07 

11.08 
W't'd : 
a.  d. . . 
A.  D.. 

0.09 
mean. . . 

0.12 
O.II 
O.II2 
0.056 

—0.49 

50.5* 

21 

t 

2.28 

0.08 

2.41 

— 0.17 

60.9 

17 

d 

3.48 

0.04 

3.29 

0.19 

0.50 

77  0 

23 

d 

4.15 

0.06 

4-15 

— 0.02 

— 0.03 

82.8 

18 

d 

4.64 

0.15 

4-47 

0.06 

O.II- 

95-8 

43 

a 

6.86 

0.24 

6.40 

0.26 

0.14 

97-4 

18 

d 

5-44 

0.15 

5.26 

0.07 

O.II 

105.6* 

25 

e 

5.65 

0.07 

5.63 

— O.OI 

— O.OI 

165.4 

43 

a 

II. 18 

0.24 

ii.05 
W't'd  3 
a.  d. . . 

-0.05 
mean... 

— 0.02 
0.04 

0.174 

20 

d 

2.23 

0.06 

A.D  .. 

0.061 

31.8 

2.13 

0.08 

0.34 

55.8 

20 

d 

3.71 

0.06 

3.74 

— 0.05 

—0.12 

67-5 

22 

d 

4-45 

0.16 

4-53 

— 0.20 

-^.36 

70.8 

22 

d 

4.90 

0.16 

4-75 

0.03 

0.05 

74.3 

20 

d 

4.98 

0.04 

4-99 

— O.OI 

—0.02 

90. 8> 

24 

e 

6.05 

0.07 

6.02 

0 

0 

98.5 

22 

c 

6.95 

O.IO 

6.76 

0.13 

0.16 

99.8 

22 

c 

7.03 

O.IO 

6.85 

0.12 

0.14 

« 

W't'd  i 
a.  d. . . 
A.  D. . 

0.02 

0.155 
0.055 

0.37 

32.7 

18 

d 

2.24 

0.04 

a.  16 

0.08 

513 

18 

d 

3-43 

0.15 

3.39 

—0.07 

— 0.20 

60.4 

18 

d 

4.06 

0.04 

3.99 

0.07 

0.17 

108.4 

18 

d 

7.26 

0.15 

717 
W't'd : 

a.  d. . . 

A.D.. 

— 0.02 
mean... 

--O.O3 
0.04 

0.195 
0.097 

— 0.06 

125. 8» 

19 

e 

5.80 

0.08 

5.81 

— 0.05 

127.0 

19 

e 

5.87 

0.08 

5.87 

—0.04 

— 0.05 

137.3 

25 

c 

6.82 

0.15 

6.67 

0.04 

0.03 

149.8* 

•26 

e 

7.03 

0.07 

6.76 

0.24 

0.17 

i8o.i» 

19 

e 

8.39 

0.08 

8.32 

0.03 

0.02 

187.0* 

21 

f 

8.04 

0.08 

7.85 

0.15 

0.12 
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wt. 

mibtt. 
in  mg. 


Substance. 

193 .0' 
209.6 
(Ale.  R) 275.8* 


GlycyUettdne 103 .3 

104.7* 
119. 9 

216.0' 


Diglycylglycinc  R 55  -o* 

R 77.V 

R 79.8' 

R 105.6* 

R 133.3* 

154.3 
158. 8> 

173-9* 
183.6 


Aspartic  acid 91.2 

132.0 
20  cc." 
40  cc.' 


Glutamic  acid  R, i59 .6* 

R 179.7' 

217.0 

243.1 


Time 
in 

hXB. 

21 

25 
26 


24 
30 

24 
20 


20 

20 
20 
20 
20 

23 
20 

20 

23 


19 

19 
22 

21 


22 
22 
21 
21 


Ce.  NaOH  reqnked. 

■  «  I      ■ 


Stttwt. 

ettcr 

water. 

/  8.25 
c  10.3a 
e  12.70 


c 

e 
c 
e 


5.12 

4.79 

5  96 

10.19 


e 
e 
e 
e 
e 
c 

f 

t 
c 


2.50 

3.42 

3.65 

4-95 
6.22 

7.41 

6.45 
7.07 

8.73 


c  11.73 
c  16.60 

/  8.59 

/  16.63 


e  18.54 
e  21.02 
c  25.40 
c  28.30 


15  cc.*'»44    a  14.65 
20  cc'     22    a  19.30 


0.08 
0.15 
0.07 


o.io 
0.08 
0.10 
0.08 


0.08 
0.08 
0.08 
0.07 
0.07 
0.08 
0.08 
0.08 
0.08 


0.04 
0.04 
0.06 
0.08 


0.08 
0.08 
0.04 
0.04 
0.06 
0.05 


Cc.  0.1  A' 

NaOH 

for  0.1 

cm.  subat. 

for  24  hn. 

0.11 

0.02 

0.08 

0.06 

0.064 

A.  D o.oai 


Calc. 

for 

•ubat. 

8.06 
10.18 

12.45 


Sttbtt. 
eatcr> 

0.15 

0.03 

0.22 


W't'd  mean, 
a.  d 


4.95 
4.84 

5-74 
9.99 


o.ii 

.09 
0.16 
0.16 


W't'd  mean. 

a.d 

A.D 


2.49 

350 
3.61 

4-77 
6.03 

7.22 

6.43 
7.04 

8.60 


•03 
.12 
o 
0.15 
0.16 
0.15 
.02 
.01 
0.09 


W't'd  mean. . . 

a.d 

A.D 


11.44 

16.56 

8.09 

16.19 


0.29 
0.04 
0.48 
0.41 


W't'd  mean. . 

a.  d 

A.D 


18.73 
21 .09 

24.82 

27.80 

14.36 

1915 


•23 

.  XI 

0.58 
0.50 
0.27 
0.14 


WTd  mean. . . 

a.  d 

A.D 


0.12 

13 
0.15 

o.xo 
0.07 
0.084 
0.042 

.08 

.21    . 
O 
0.19 
O.  16 
O.  II 

.02 

.01 
0.06 
0.04 
O.IOO 
0.033 

0.44 
0.04 
0.89 
0.40 

0.39 
0.330 

O.II5 

.18. 
.08 

0.34 
0.26 

0.11 

0.09 

O.II 

0.146 
0.060 


*  One-half  cc.  olive  oil  as  emulsion  used. 

'  The  amount  of  amino  acid  present  in  these  solutions  was  detennined  by  titrating 
a  number  of  portions;  the  mean  values  are  used  in  column  6. 
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Table  VI. — Sumbcary  op  Rbsults  Obtained  with  Esters  and  Amino  Acids  and 

Polypeptides. 

(Amounts  of  acid  produced  in  equivalents  X  io~^  in  24  hours  at  38^.) 

Methyl  acetate.  Bthyl  butyrate.              Olive  oU. 

Glycine ' o.02±o.o26  o.25±o.o36  o.i8±o.o28 

Alanine o.o9±o.o26  o.42±o.202  o.  11  ±0.056 

Phenylalanine o.65±o.io9  o.r3±o.o64  o.04±o.o6i 

Leucine — 0.07  ±0.080  o.oi  ±0.108  0.02  ±0.055' 

Glycylglycine o.i6±o.o6o  o.i3±o.o34  o.04±o.097 

Leucylglycine — o. 01  ±0.023  o.  11  ±0.031  o.o6±o.02i 

Glycylleudne — o.i7±o.o72  o.i4±o.029  o.o7±o.042 

Diglycylglycine —0.12  ±0.017  0.21  ±0.072  o.04±o.o33 

Aspartic  add 4.i8±o.62  o.95±o.i8  o.39±o.i2 

Glutamic  add i.40±o.i8  o.50±o.io  o.  11  ±0.06 

4.  Discussion  of  Results. 

The  results  given  in  detail  in  Tables  III-V  are  summarized  in  Table 
VI  in  which  the  weighted  means  and  average  deviations  of  these  means 
for  each  set  of  results  are  given  for  the  equivalents  X  10"^  of  acid  pro- 
duced from  the  ester  heading  columns  2,3,  and  4  by  o. i  gram  of  the  amino 
add  or  polypeptide  in  the  first  column  in  24  hours  at  38®.  The  actions 
caused  by  o.i  gram  of  substance  instead  of  by  equivalents  are  given  since 
the  experimental  results  corresponded  more  closely  to  the  former. 

Glycine  and  alanine  show  the  greatest  amotmt  of  action  with  ethyl 
butyrate  and  least  with  methyl  acetate.  Phenylalanine  on  the  other 
hand  shows  a  markedly  greater  action  with  methyl  acetate,  less  with 
ethyl  butyrate,  and  least  with  olive  oil.  Leucine  gave  practically  no 
action  with  any  of  the  three  esters.  Glycylglycine  gave  the  same  slight 
action  with  methyl  acetate  and  ethyl  butyrate  but  none  with  olive  oil. 
With  leucylglycine,  glycylleucine,  and  diglycylglycine,  maximtun, 
though  small,  actions  were  obtained  with  ethyl  butyrate,  very  slight  but 
distinct  with  olive  oil,  while  with  glycylleucine  and  diglycylglycine  and 
methyl  acetate,  negative  values  were  obtained.  Not  enough  measm^e- 
ments  were  made  with  the  former  to  make  this  last  result  certain.  A 
possible  explanation  for  these  two  results  may  be  the  comparatively  large 
correction  of  the  ester-water  blank  experiments  which  may  not  be  ap- 
plicable directly  to  the  polypeptide-ester-water  mixture.  With  aspartic 
and  glutamic  acids,  the  order  of  magnitude  of  action  is  methyl  acetate, 
ethyl  butyrate,  olive  oil.  Considerably  greater  action  was  caused  by  the 
aspartic  acid  than  by  the  glutamic  acid  as  would  be  expected  from  the 
greater  ionization  constant  of  the  former.  A  comparison  of  these  actions 
with  the  action  of  the  mixttu'e  of  glycine  and  acetic  acid  containing  the 
same  amount  of  carboxyl  groups  is  of  interest.  From  some  results  which 
will  be  communicated  later,  it  was  found  that  the  hydrolytic  action  of 
this  mixture  corresponded  very  closely  to  that  of  the  glutamic  acid  solu- 
tion. 
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5.  Condtisioiis. 

The  hydrolyses  of  the  esters  by  the  amino  acids  and  polypeptides  which 
are  described  in  this  paper  are  in  themselves  not  unexpected.  The  in- 
teresting featm-e  of  these  actions  is  however  their  selective  character. 
With  amino  acids  which  differ  from  each  other  to  such  a  small  extent  as 
glycine  and  phenylalanine,  and  with  the  similar  esters  methyl  acetate 
and  ethyl  but)rrate,  glycine  has  the  greater  action  on  ethyl  but3rrate,  and 
phenylalanine  on  methyl  acetatie.  The  greater  action  of  the  dipeptides 
on  ethyl  but3rrate  and  of  the  dibasic  amino  acids  on  methyl  acetate  is  also 
of  interest.  This  selective  action  with  different  esters  is  strongly  sug- 
gestive of  the  selective  action  of  lipases  from  different  sources  with  different 
esters.  It  seems  probable  that  many  of  these  selective  actions  of  the 
lipases  may  be  reproduced  with  amino  acids  and  polypeptides  of  varying 
structure  or  in  the  presence  of  other  substances. 

On  the  other  hand,  there  is  no  evidence  that  the  hydrolytic  action  of 
lipase  is  to  be  attributed  to  amino  adds  or  poljrpeptides.  The  specific 
groupings  present  in  the  amino  acids  or  polypeptides  which  show  this 
activity  may  be  present  in  more  complex  substances  such  as  the  proteins, 
and  from  this  point  of  vieyr  the  study  of  the  hydrolytic  actions  of  the  de- 
composition products,  such  as  the  amino  adds  from  preparations  possess* 
ing  lipolytic  activity,  and  of  the  more  complex  polypeptides  or  other 
substances  synthesized  from  them,  may  throw  light  upon  the  substances 
capable  of  causing  sudi  lipolytic  action.  The  study  of  the  influence  of 
various  added  substances  upon  these  hydrol3rtic  actions  is  a  necessary 
accompaniment  of  an  investigation  of  this  nature.^ 

HaSBUCAN  RMRABfTf  Labokatory,  Roorsvblt  Hospitaz.. 
Oroamic  Laboratory.  Oolbmbia  XJumatmY. 
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The  Elemente  of  Qualitative  Ghemical  AnalyBiSy  with  Special  Consklerfttion  of  the 
Application  of  the  Laws  of  Equilibrium  and  of  flie  Modem  Theories  of  Solution. 
By  Julius  Stibolitz,  Professor  of  Chemistry  in  the  University  of  Chicago.  Two 
Volumes.  Vol.  I,  Parts  I  and  II.  Fundamental  Principles  and  their  Application, 
pp.  X  +  312.  Vol.  II,  Parts  III  and  IV.  Laboratory  Manual,  pp.  viii  +  151. 
New  York:  The  Century  Co.     191 1.    Price,  I,  $1.40;  II,  $1.20. 

The  first  volume  of  this  text  on  qualitative  analysis  represents  the 
greatest  advance  in  the  presentation  of  the  principles  of  analytical  chem- 
istry which  has  been  made  since  the  publication  in  1894  of  the  first  edition 
of  Ostwald's  "Wissenschaftliche  Grundlagen  der  Analytischen  Chemie." 

'  A  large  number  of  experiments  were  carried  out  in  which  glycine,  alanine,  phenyl- 
alanine, and  tyrosine,  in  the  presence  and  absence  of  acids  and  alkalis  in  solutions  of 
known  H'*'  ion  concentration,  and  also  in  the  presence  of  phosphates,  were  dissolved 
with  cane  sugar  in  water  and  the  optical  rotations  determined  at  stated  intervals. 
No  evidence  was  obtained  in  any  of  these  experiments  to  show  that  the  amino  acid 
affected  the  course  of  the  hydrolysis  of  the  cane  sugar  in  any  way. 
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The  revised  editions  of  the  latter  book  have  failed  to  keep  pace  with  the 
rapid  progress  of  the  subject,  and  this  makes  the  present  work  doubly 
welcome.  It  is  remarkable  that  so  much  important  theoretical  material 
could  remain  so  long  without  expression  m  the  form  of  a  text,  but  Pro- 
fessor Stieglitz  has  now  succeeded  in  bringing  together  in  an  elementary 
form  practically  all  of  the  physico-chemical  work  which  bears  upon  the 
problems  which  arise  in  the  analytical  study  of  aqueous  solutions.  In- 
deed, although  elementary  in  its  nature,  there  is  perhaps  no  other  book 
which  so  well  presents  a  survey  of  the  important  fimdamental  problems 
which  the  workers  in  the  field  of  the  theory  of  solutions  are  now  endeavor- 
ing to  solve.  That  this  has  been  done  so  well  in  an  elementary  text  is 
explained  by  the  fact  that  the  author,  contrary  to  the  usual  practice,  be- 
lieves in  cmsidering  his  subject  as  still  in  the  making,  and  in  presenting 
it  in  such  a  way  as  to  produce  a  thinking,  productive  chemist.  To  this 
end  frequent  discussions  are  presented  as  to  the  present  views  of  different 
schools  of  physical  chemists  upon  disputed  points,  and  these  are  often 
accompanied  with  illuminating  suggestions  as  to  the  methods  which  will 
most  effectively  lead  to  a  settlement  of  the  question  at  issue.  Through- 
out the  text  frequent  references  are  given  to  the  original  literature. 
''Finally,  to  arouse  and  develop  the  critical  questionii:^  attitude  of  the 

professional  chemist, the  subject  matter  of  the  laboratory  work, 

given  in  Part  III,  is  put  largely  in  the  form  of  questions,  which  demand 
not  only  careful  observation  on  the  part  of  the  student  but  also  a  thought- 
ful interpretation  of  the  observations  made."  These  questions  upon  the 
preliminary  experiments  for  the  different  metals  and  acids  are  so  put 
that  they  force  the  student  to  gain  a  mastery  over  the  theoretical  part 
of  the  work.  • 

Part  I  treats  of  such  subjects  as  osmotic  presstu^,  electrolytic  dissocia- 
tion, the  electron  theory  of  valence,  chemical  equilibrium,  colloids,  and 
the  solubility  product,  and  Part  II  deals  with  the  application  of  the  prin- 
ciples to  such  problems  as  the  analytical  treatment  of  amphoteric  sub- 
stances, the  hydrolysis  of  salts,  fractional  precipitation,  precipitation 
with  hydrogen  sulfide,  the  theory  of  complex  ions,  and  ends  with  two 
valuable  chapters  on  the  theory  of  oxidation  and  reduction  from  the 
standpoint  of  potential  differences.  The  oxidizing  power  of  permanganic 
acid  is,  for  example,  represented  by  the  value  of  the  constant  k  = 
Mn++++-»"»'+/Mn++  for  the  reaction  Mn+-»"*"++++  ^it  Mn++.  The  treat- 
ment of  the  subject' is  not  a  quantitative  one,  but  the  values  of  the  con- 
stants are  considered  in  order  that  the  student  may  learn  to  judge  for  him- 
self as  to  the  direction  which  an  oxidation-reduction  reaction  will  take. 

Part  IV  contains  the  directions  for  the  solution  and  systematic  analysis 
of  inorganic  substances.  The  methods  of  analysis  give  good  results, 
but  it  is  to  be  expected  that  each  instructor  will,  in  teaching,  modify 
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this  part  of  any  text  on  qualitative  aimlysis  to  suit  his  individual  prefer- 
ences. The  choice  of  solvents  to  suit  the  properties  of  the  substances 
to  be  dissolved  is  a  good  feattu'e  of  the  scheme,  as  is  also  the  preliminary 
^traction  of  lead  and  silver  salts  from  the  insoluble  portion. 

Although  much  of  the  theoretical  material  in  this  book  is  far  more 
advanced  in  its  nature  than  that  usually  contained  in  texts  on  qualitative 
analysis,  the  theoretical  and  the  analytical  work  have  been  so  skilfully 
interwoven,  and  the  presentation  is  so  clear,  that  the  book  may  be  used 
successfully  in  colleges  where  the  students  begin  the  subject  with  only 
a  good  high  school  coturse  as  a  preparation,  and  it  is  foimd  that  such  stu- 
dents enjoy  particularly  the  theoretical  part  of  the  text.  Indeed,  actual 
experience  has  proved  to  the  writer  of  this  review  that  this  is  the  most 
* 'teachable"  chemistry  text  he  has  ever  used.  May  the  day  come  quickly 
when  a  text  of  the  same  tjrpe  will  appear  for  the  subject  of  physical 
chemistry! 

It  will  be  difficult  for  the  Century  Co.  to  secure  other  texts  which  will 
at  all  deserve  a  place  in  the  same  series  with  their  first  two  chemistry 
publications.  Wii^uam  D.  Harkins. 

A  Handbook  of  Organic  Analysis,  Qualitative  and  Quantitative.  By  Hans  TBAcmm 
Clasks.  With  an  introduction  by  J.  Norman  Collie.  191 1.  London:  Edwin 
Ameld.    viil  +  264  pp.    Longmans  Green  &  Co.,  New  York.    Price,  $140. 

"It  is  by  no  means  easy  to  arrange  a  general  plan  for  testing  organic 
compounds  so  that  one  can  say  for  certain  what  the  particular  compotmd 
may  be.  But  as  organic  chemistry  is  an  eminently  practical  science, 
there  ought  to  be  good  practical  books  dealing  with  the  subject — books 
where  the  descriptions  are  concise,  where  the  treatment  of  the  subject 
is  systematic  and  not  merely  an  enumeration  of  special  tests  for  special 
compounds  and  where  the  student  has  to  use  his  head  as  well  as  the  in- 
formation supplied  by  the  text-book.  Mr.  Clarke  has,  in  this  book, 
recognized  these  requirements." 

The  material  is  arranged  as  follows:  i.  Preliminary  investigations: 
purity,  qualitative  tests  for  the  elements,  tests  for  approximate  constitu- 
tion. 2.  Examination  for  radicles.  3.  Separation  of  mixtures  of  organic 
compounds.  4.  Classified  tables  of  common  organic  compoimds;  exami- 
nation of  alkaloids  and  dyestuffs.  5.  Quantitative  determination  of 
constituent  elements.  6.  Quantitative  determination  of  radicles.  7. 
Determination  of  some  physical  properties.     Index. 

The  method  of  identification  is  divided  into  four  parts:  tests  for  the 
elements;  tests  for  certain  classes  of  compounds,  depending  upon  the 
elements  present;  tests  for  various  salient  radicles  in  the  molecule;  de- 
termination of  constants  and  identification  through  the  tables.  As  is 
the  case  with  any  complex  method,  its  value  can  be  determined  only  by 
actual  laboratory  experience.    The  tables  of  organic  compounds,  while 
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not  as  complete  as  those  found  in  Mulliken,  contain  all  of  the  commoner 
compoimds,  arranged  in  classes  according  to  their  boiling  points  or  melting 
points  and  for  most  examinations  will  prove  satisfactory.  The  book 
is  far  from  up-to-date  in  its  quantitative  methods,  the  better  and  shorter 
modem  laboratory  practice  being  omitted.  Thus,  we  do  not  find  the 
Dennstedt  or  the  electrical  methods  for  carbon  and  hydrogen,  the  sodium 
peroxide  or  the  Stepanow  methods  for  halogens  or  the  sodium  peroxide 
method  for  sulfur.  The  Dumas  method  for  nitrogen  needs  revision  and 
the  later  methods  for  molecular  weight  and  vapor  density  need  to  be  added. 
The  work  is  well  printed  and  very  free  from  typographical  errors.  The 
book  furnishes  much  material  in  a  small  compass  and  will  be  of  assistance 
to  any  one  testing  organic  substances.  CXarence  J.  West. 

The  Chemistry  of  the  Radio-Elemeiits.     By  Frederick  Soddy,  F.R.S.,  Longmans, 
Green  and  Company,     pp.  92.     Price,  2s.  6d. 

A  number  of  excellent  books  have  been  published  dealing  with  radio- 
activity in  general,  but  primarily  from  the  standpoint  of  the  physicist. 
The  present  volume  will  therefore  be  welcomed  by  chemists  as  it  gives  a 
comprehensive  but  succinct  account  of  the  chemistry  of  the  radio-ele- 
ments. There  is  probably  no  one  better  adapted  to  write  the  book  than 
Prof.  Soddy,  and  the  result  has  been  a  volume  not  too  technical  for  the 
average  chemist  and  at  the  same  time  detailed  enough  and  sufficiently 
up-to-date  to  make  it  indispensable  to  the  chemist  who  is  doing  work  on 
radioactivity.  The  first  chapter  deals  with  a  general  description  of  radio- 
activity, the  second  with  radioactive  constants  and  the  third  with  the 
classification  and  nomenclature  of  the  radio-elements.  Each  of  these  ele* 
ments  is  then  taken  up  and  its  chemistry  discussed  in  some  detail.  If  one 
were  disposed  to  criticize  what  is  really  an  excellent  work  it  might  be 
suggested  that  the  first  chapter,  *'A  General  Description  of  Radio- Activ- 
ity," is  not  detailed  enough  for  the  chemist  who  has  not  previously  given 
some  attention  to  the  subject  and  entirely  superfluous  to  the  one  who  has. 
In  a  second  edition  the  list  of  references  should  be  fuller. 

R.  B.  MoORB. 
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